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ROTA 


REG. U.S. PAT. OFF. 


The rotating or commutator type contacts of And this, of course, means accurate, dependable 
the Rotax Controller have greatly simplified the control for many years. 

application of electrically operated control to 
industrial uses. There are not a lot of moving 
parts to wear or get out of adjustment. 


With ROTAX you get these money-saving ad- 
vantages: 


|. Uninterrupted pen or pointer travel. 
. Positive contact at all times. 
Ease of setting. Complete information is available on the money: 
. Flexibility of circuit arrangement. : . 
Constant brush pressure. saving advantages of Rotax Control. Write today 


. Clean contact surfaces. for your copy of Bulletin 184. 


ee RO THE FOXBORO COMPANY 
OXBO FOXBORO, MASS., U. S. A. 


REG. U. S. PAT. OFF. 


THE COMPASS OF INDUSTRY 


Rotax is used to control Temperature, Pressure, 
Humidity, Level and Flow, or to give visible or 
audible signals. Designed for use with simple, 
positive pick-up circuits, it operates solenoid and 
motor-valves, motors, heating units and other 
electrical equipment. 
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THE INSTRUMENTS PUBLISHING COMPANY 
1117 WOLFENDALE STREET 
PITTSBURGH, PA. 


May, 1935 
Dear Subscriber: 


The June issue of INSTRUMENTS will include as a special supplement, THE 1935 
INSTRUMENTS INDEX (a complete directory of instruments, etc., of trade names and of 
manufacturers). This important feature is mentioned by Major Behar in his Editorial 
on page 111. You certainly will want to receive a copy, so make sure that you are 
qa subscriber in good standing. (Look on the envelope in which you receive this copy: 
if the stenciled date is before May, 1935 your subscription has expired and you 
should therefore send us your check for $2.00.) 


Many of your friends and acquaintances need this Index, and as it will be 
distributed only to subscribers, I would suggest that you mention this new service 
to them in time for their subscriptions* to reach us before June 5th. The Index 
supplement will not be issued separately. 


Although this June issue with its reference supplement will be worth many 
times the subscription price, I am going to make my subscription offer even more 
attractive. We are publishing a book by C. H. Gibbons entitled "MATERIALS TESTING 
MACHINES, An Account of their Development, with Special Reference to the Tension- 
compression-—transverse Group." This is a handsome 96—page cloth—bound volume. 

We will send it to every subscriber (new or renewal) who sends us his subscription 
with payment attached. If you are an old friend of INSTRUMENTS we will extend you: 
subscription for one year from its present expiration date. 


This book, too, is distributed only to subscribers. It will not be sold 
separately. So be sure to send us immediately your renewal subscription as well as 
the subscriptions of all your friends and acquaintances. We will only order enough 


books to take care of the subscriptions received. 


Vice-President and Treasurer 


*On two or more new or renewai subscriptions sent together on one order the rates are as follows: 








| separate one-year subscription $2.00 4 separate one-year subscriptions $4.20 

2 separate one-year subscriptions $2.40 5 separate one-year subscriptions $5.00 

3 separate one-year subscriptions $3.30 For additional subscriptions add $1.00 
The Instruments Publishing Company, THIS OFFER WILL ONLY 
1117 Wolfendale St., Pittsburgh, Pa. HOLD UNTIL JUNE 15, 1935 
Attached hereto please find in payment for the following subscriptions and be sure to 


send the book on Materials Testing Machines: 


| Se aye Address 
a, ‘ . Address 
We)... ..,... soda Siar Address 
es he ldbvedvcssecce ns Address 
ec ce eke vs ..... Address 


[Put additional names on a separate slip of paper) Signed... 
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Photograph Transient Phenomena 








Cat. J-48 a s / 
, The General Radio Type 687 Electro: i 
which Oscillograph with improved, fast-scre: 4 
covers tube is satisfactory for all visual obser, 4 


7'\/." 3 Phase Ammeter 


tion of transient phenomena and is es; 

®@ Switchboard Instruments, cially suited to photographing these tra: 

@ Direct and Alternating Current, en 

@ 314", 4”, 7144”, 9”, Rectangular, Horizontal Edge- 
wise, Illuminated Dial, 

@ Ammeters, Voltmeters, Wattmeters, Frequency 


Meters, Power Factor Meters, Synchroscopes, 


Photographic emulsions are particularl: 
sensitive to the fast-screen type of tul 
used with this oscillograph 

The Type 687 Electron Oscillograph 
completely self-contained and is portabl 


ryrometers, Galvanometers and the The fast-screen tube is ‘5 inches in dian 
BNEW Type FA 4” Polyphase Wattmeter. eter. The Bedell sweep circuit and pow 
@ Cat. J-48 is the one to write for. supply are built into the instrument. The 


price is $184.00. 


OLLER-SMITH COMP. COMPLETE SPECIFICATIONS IN BULLETIN EX-3506-1 
[Electrical Measuring and Protective Apparatus | 


roerth Bite. f ons GENERAL RADIO COMPANY 


2132 Woolworth Bidg., New York Bethiehem, Pa. 
SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 30 STATS UF. CAMBMINSE A, MASSACHUSETTS 


























DILATATION INTERFEROMETER PRESSURE GAUGES of 
ae EXTREME PRECISION 

















For determining the dilatation of small plug or coneshaped 
specimens to the order of a millionth of an inch. The appa- 
ratus as illustrated, is set up to determine the thermal ex- 
pansion of ceramic materials and the fusion points of vitre- 
ous materials. 

This type of equipment has wide application and without 
the furnace can be used for the determination of setting 
expansion of dental materials, the parallelism and planeness 





of test blocks, and the measuring of extremely small strains, You can now obtain HEISE Bourdon Tube Pressure Ind 

lonaations and displacements. et Gauges made by the makers of those used on the famous 5o 

eae — — Emery Testing Machines. The first gauge used on these mac 
Full details on request. designed by Otto W. Heise, who also designed the present 


indicator 

For extreme accuracy these gauges may be certified or ca 
the laboratory of the A. H. Emery Co. They may be fit 
rotating dial as supplied by the A. H. Emery Co 

If you must read pressures accurately, write us for details 
gauges only for laboratory and test work where accuracy and ! 
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he Gaertner Scientific Corp. HEISE BOURDON TUBE LABORATORIES 
{211 Wrightwood Ave. : Chicago, U. S. A. 273 NOBLE AVENUE BRIDGEPORT, CON : 
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with WESTON Tachometers 


Whether the control problem be one of elapsed time in baking . . . the 
speed of rotary kilns... or the number of pieces produced per machine 
hour— Weston Electrical Tachometers can be relied upon to give accurate, 
dependable service. 

Electrical indication requires only mounting a magneto at or near the 
rotating shaft or outlet. One or more indicators, calibrated to indicate any 
function of the R.P.M., can be placed at the control points, far removed 
from the magneto if necessary. A simple wiring connection completes the 
installation job. 

Then, dependable service is assured, for the electrical tachometer elim- 
inates the necessity of flexible shafting and other wearing parts. The 
electrical indicator follows variations in speed smoothly and instantly with- 
out jumping, affording better control, and more efficient production, 

Weston engineers are constantly solving problems of industrial control 
with electrical speed indication. Ask them about its application in your 
plant or product ... Weston Electrical Instrument 
Corporation, 591 Frelinghuysen Avenue, Newark, 
New Jersey. 


WEST 
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e ’ With Weston Electrical Tachometers 
WS PUNCH iy one or more indicators can be oper- 
‘ ‘ ated by the single magneto, and 


placed wherever desired. 
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BROWN 
VARIABLE-ORIFICE 
FLOW METER 


| Remote Indicating, Recording and Integrating 













For CHEMICALS, TARS, 
HEAVY OILS, DISTILLATES 


ERE'S a new flow meter that indicates or records at a 
[Hsien if desired the "rate of flow" of anhydrous am- 

monia, and concentrated sulphuric acid, etc., as well as 
tars, heavy fuel oils, distillates. Easy to install, it has no stuffing 
boxes or pressure tight bearings. In its installation no orifice 
plate or venturi tube, no tubing, valves, seals, mercury and com- 
plex piping is required. It is unaffected by dirt and functions 
without constant attention. 





Meter body goes in the line like a valve. 


Electrical transmission permits the Indicating or Recording meter 
to be located at any distance from the meter body. 


The flow is recorded in units of gallons, barrels, cubic feet or 
pounds per hour on a 12” circular chart, equally graduated. 


The Brown Area Flow Meter operates on the fundamental prin- 
ciple of all area meters—the flow is proportional to the area of 
orifice exposed. Combined with this principle is the exclusive Tre Brown Area Flow Meter maintains a constant 


feature of the Brown Electric Flow Meter—the Inductance differential by varying the area of the orifice. Example 
Bridge Principle As the flow increases the weighted piston rises and 


GOES IN THE LINE LIKE A VALVE 


exposes more orifice area. 


This combination makes the Brown Area Flow Meter the only The orifice is a rectangular slot cut in the sleeve in 
hich the pist lides. While the weight of the pisto 
area meter with electrical transmission available today. In many rs ee ect paagllcpr 
| is fixed for a given installation it can be readily 
plants it has demonstrated its value as an aid to economy. changed to meet new conditions. 
ae P ; The operating parts may be made of bronze or stain 
W rite for Bulletin No 21 less steel as conditions indicate. 





THE BROWN INSTRUMENS COMPANY 


ON 


1885-1935 Br 4482 Wayne Avenue Branches in 22 principal cit Philadelphia, Pa 
Canadian Factory: 117 Peter St., Toronto, Ont., Canada 
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Quantitative Analyses 
made Quickly and Positively 


ANY authorities claim that spec- 

trography is the only means of 
determining some of the most important 
elements. But of equal importance is the 
fact that with the Spectrograph a// ele- 
ments can be determined quickly and 
accurately. 


A small sample and a few hours’ work 
with a Spectrograph is all that is neces- 
sary for the usual run of analyses. 


Because of the ability of.spectrographic 
equipment to analyze modern alloys with 
their rigid tolerances, spectrography war- 
rants your careful investigation. Write 
for complete details to Bausch & Lomb 
Optical Co., 615 St. Paul Street, Roches- 
ter, N. Y. 
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WILBUR B. DRIVER C9. 


formerly 


GILBY WIRE CO. 
NEWARK, N. J. 


Solicits Inquiries for 


““CUPRON” 


(CONSTANTAN TYPE) 


THERMOCOUPLE 
WIRE 


HIS wire is held to the strict 
calibration of standards now in 
use. 


Where iron leg of couple is off 
the standard curve “CUPRON” 
can be matched to produce the 
millivolt values of standard 
curves. 





























Chace Thermostatic 
offers positive aut 
control as demande 
manufacturers of 
water heaters, al 
generally to ope 
pilot light safet 
off. Many of tod 
popular electrical 
are automatically 
by means of Chac« 
If your problem i 
of controlling ten 


C HAC e or one where chang 
perature must aut 
H ER M 0 STAI| operate a_ switch, 





device, consider 
Chace Thermostati 


Economical and dé 
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EDITORIAL COMMENT 








In This Issue 


Never vet have we touted one article 
fundamental importance to the 


but it is difficult to refrain from 


art” 
doing so with regard to Stickney’s con 
tribution. No one has previously ana 


lyzed horizontal-shaft electrical instru 
ments With anything approaching his 
thoroughness. We take particular pride 
in this study because it was made and 
written to order. Would that all other 
projects that we have initiated turn out 
as successful! 

Our esteemed colleague Ralph Batcher 
poses a number of questions. If Jnstru 
ments’ readers cannot provide a full set 


f answers, who can? 


J. A. Brooks describes another of his 
ingenious attempts to solve the “true 
direction” instrument problem. We say 
“another of his,’ for it seems that his 
was the germ of the idea described in 
February. 

The founder of the Instruments Pub 
lishing Co. then proposes a plan for 
centralizing data on special scientific in 
struments. It’s a good idea, because 
these special instruments are scattered 
far and wide and their detailed descrip 
tions are seldom available. 

Dr. Ross Gunn, an eminent physicist, 
lays down some principles which engi- 
neers less versed in pure science will do 
well to observe when they attempt to 
solve the “true direction” instrument 
problem. 


The first of three instalments on spe- 
cial metering devices for special rate 
structures takes the next seven pages. 
Needless to say that Perry Borden’s 
years with “Ontario Hydro” have laid 
its firm foundation. 


At last a brief but comprehensive 
article on creep tests. Evan Davis merits 
the thanks of all metal-using industries. 


The fascinating history of testing ma 
chines by C. H. Gibbons approaches its 
conclusion. (See page A1.) 


The “New Instruments” Section often 
reflects spurts of progress in various in- 
dustries. This month we note that four 
of the twenty items have been developed 
for the oil and natural gas industry. 
Boy, phone my broker to buy me 1000 
XYZ Pfd! 


The Front Cover Photograph shows 
instruments installed on a producer gas 
machine for the H. E. Millard Co. at the 
Bradley Quarries, Annville, Pa. 


The Inspection and Testing Title Page 
Photograph shows the equipment used 
for recording and controlling tempera- 
tures in creep tests at Battelle Memorial 
Institute, Columbus, Ohio. 










About You and Us 


OP is sonclatinn and other modern scientific writers, 
in postulating that the physical universe is made up 

of relations and relata, point out that the relations 
are even more important than the relata. In this column 
we shall strive this month to dwell neither on you nor on 
us but on you-and-us. 


The occasion for such an intimate talk arises from a 
rather important piece of work now being accomplished 
by our staff (enlarged for the purpose). It is the compila 
tion of the first complete directory of “who makes what” 
in the field of Instrumentation. Proud as we are of this 
undertaking, we cheerfully admit that you subscribers 
have made it possible and are daily helping to perfect it. 


With tens of thousands of index cards being made up 
and going through various processes, with hundreds otf 
classifications and hundreds of manufacturers, mistakes 
would seem to be inevitable. The whole job would indeed 
be slipshod if it were attempted by an inexperienced or 
ganization. It is being done nearly perfectly——by reason 
of the experience which the entire staff of the Instruments 
Publishing Company has acquired in its seven years of 
service to you—and is daily acquiring. 

So it is largely thanks to you that The 1935 Instru- 
ments Index is taking shape as a reference compilation 
which will prove as useful and influential as the old 
established annuals of the building, mining, chemical and 
other fields. As announced on the inside-back-cover last 
month and oi the first advertising page of this issue, this 
Index will be a supplement to the June issue. It will be 
bound with the June issue and sent only to subscribers 
(Tell your friends. ) 

Some twenty-five years ago an essay entitled ‘““Vhe Cre 
ative Audience,” by a brilliant music critic, influenced us 
profoundly. Often during our editorship of Jnstruments 
we have recalled his penetrating observations on sym 
phony-hall audiences and have mentally applied them to 
all of our 3000-odd regular subscribers (as well as to some 
of our uncounted thousands of other readers). ‘he most 
curious part of it all is that this great and constructive 
force emanating from you to us is like an ocean made up 
of raindrops: few remarks are uttered or written with the 
intent of educating Jnstruments, but the sum of all these 
individual contacts is what makes Jnstruments/ 


M. F. BEHAR 
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The Factor of Merit for Horizontal-sh af; 
Electrical Indicating Instruments 


By F. S. STICKNEY* 


HERE are at least ten times as many horizontal 
shaft electrical instruments in use in industry as 
there ire of the 


R. W. Carson in his recent Jnstruments article. 


treated by 
There 


fore a discussion of the merit factor for the majority of 


vertical-shaft type 


electrical instruments requires an analysis of perform 


ince factors for the horizontal-shaft type. Carson has 
stated that the 


electrical instrument of the con 


minimum torque of a vertical shaft 


ventional two-pivot type can be 


U Apr Sst d: 
r= En | \ 


where 7’ is the torque in milli / 
meter-grams for full scale deflec t spt 
tion, JV is the weight of moving \ _ | 


parts in grams, and K is a fune 
tion of the length of the = seale. 
The factor AK was introduced 
under the 


tion that errors due to pivot fric 





well-founded assump 


tion become more conspicuous on 
long-seale instruments, and that 
for such instruments a reduction 
in the angular friction error is 

necessary to reduce the observed 

friction at the tip of the pointer S 
to a negligible value. This means 
that for a given movement weight, 
i higher torque is required for a 
longer pointer and scale if the 
wcuracy ordinarily expected from 
the long r scale is to be achie ved 


Horizontal-shaft instruments 





differ from vertical-shaft instru 
ments in many respects. Neglect 
ing a few types of “edgewise’ 


instruments on the market, the 


majority of permanently mounted effect. 

electrical instruments are oper 

ited with the pivot axis horizontal. 

Fig. 1 shows the fundamental structure of bearings for 
1 typical horizontal-shaft instrument. Analysis of the 
static forces acting on the horizontal movement shows 
them to be more complex than for the vertical-shaft in 
strument. In Fig. 1 the movement is supported by the 
jewel cups as represented by forces 7, and J.,, perpen 
dicular to the contact surfaces. The surfaces of contact 
between pivots and jewels do not fall on the major axis 
of the pivots. Due to the necessary amount of end play, 
the probable departure of the center of gravity of the 
movement from a point midway between the pivots and 
the effect of springs and unsymmetrical electrical torques, 
the contact area between pivot and jewel may occur in a 
number of places. Fig. 2 shows a possible case where 
unsymmetrical forces have caused one pivot to rise and 
the other to fall. These diagrams demonstrate that an 
increased number of variables must be taken into account 
when passing from a study of vertical shafts to horizon 


Westinghouse Electric & Mfg. Co., Instrument and Meter Works, 
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Fig. 1. Bearings of an electrical indicating 
instrument with a horizontal shaft. Symmetri- 
cal pivot and jewel contours and symmetrical ment. and r is the short 
loading are assumed. 


Nee 


Fig. 2. Effect of unsymmetrical loading on 
the working position of the bearings. Unsym- 
metrical jewel cavity slopes have a similar 


tal shafts, and that the geometrical de sign of 


and jewels becomes of greater importance. An 


able to be considered in selecting a factor o! 


that some horizontal-shaft instruments are uss 


} 
1) 


) 


d 


ards for accurate work while others, althoue 


long pointers and large scales, may be mad 


poses of long distance visibility, so that permiss 


may not necessarily be a function of seale | 
CANE 


Referring to Fig. 1. 


NX shown that pivot. fricti: 


horizontal shaft is pn 
to a radius r measure 
the main axis of. the 


the cente r of the ares 


ing to Goss: 

T uWire 

is thre friction 
] 


where 2 


tion, JV is the weight ot 


is the coefhicient of slic 


( 


+ 


wan 
a 


between pivot and jewel 


} 


between the main = axis 


center of the area of ¢ 
The assumption is 


radius ris practically in 


nh 


de 


of weight, that j is cons 


NX 
x 
. \% Goss finally arrives at the 
; sion that 7 KW an 
CG Ww factor of merit A for a | 
“TY -—bs shaft instrument shoul 


as 
Ww 


ode alone as a factor of 
horizontal shaft electric 
ments fails in practice. 
experimentally demonst 
of two instruments of 


design and torque weig! 


one may have frictional 


negligible value, while the other may show exce 


| LA on the ratio T W. Sut 
“Ki clusion that 7’ WW ea 


d 
ior 
i} 


} 


| } 


tion. A visual inspection of these pivots and jew 


disclose no apparent defects, and will show 
satisfactory polish on all important surfaces 
instrument may show a frictional torque se\ 
that of the other. 

This difference in performance of instrun 
identical torque weight ratios arises from diff 
contours of pivot and jewel. In grinding sa 
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perfect cavity contour is the exception rather 


rule. The contour of a jewel cavity can be rea 
mined by forcing a soft wax or lead point int 
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pressure, and examining the resulting impress 


high magnification. Such studies have been mad 
many thousands of jewels, and no two caviti 
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found exactly alike. Both flank angle and c 


vary considerably as well as pivot radius and p 
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depending upon the process used and the clos 
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Fig. 3 
(a) Hypothetical jewel cavity having true radius and truly coni- 
cal sides. 
(b). (c), (d) Tracings made from actual jewel cavities showing 
normal acceptable variations in contour. 
(e) A theoretical pivot with truly spherical tip. 


is reproduced by the skill of the draftsman. No cavity 
is ever like this. Figs. 3 (b), (¢) and (d) show actual 
jewel cavities with the necessary manufacturing toler 


inces on dimensions for radius I and angle 4. Thes: 
ivities illustrate approximately the variations which 
nust be accepted in order to obtain jewels in commercial 
quantities. Figs. 4 (a), (b), (¢) and (d) are tracings 
made from actual jewels, showing some of the contours 
which, if not eliminated, will tend to produce excessive 
friction in spite of the designer’s best 
calculations in respect to torque and 
weight. 
Now let us see what happens when 
an instrument is built with perfectly 





Fig. 4. Tracings from actual jewel cavities, showing undesirable 
contours which must be eliminated by careful inspection in order 
to avoid excessive friction in well-designed instruments 


(a) Excessive radius and variable slope. 

(b) Flat slopes near bottom of cavity. 

(c) Unsymmetrical cavity with flat spot. 

(d) Radius too small with bottom of cavity flat 
(e) An overloaded pivot. 


rapidly as 4 approaches 180 In practice, the “ 
angle is seldom less than 6O ind seldom greater that 
120) 6 for horizontal shaft instruments, so J may vary 
from 1.15 JV to 2 W if the surface of contact falls upon 
the conical side of the yt wel. But due to unsymmetrical 
loading, on pivot is usually forced well into the radiu 
portion of the jewel, and ./ may bye considerably highes 
than 2 i for thre more lightly 


londed pivor, 
; , : 
Friction is really a function 
the normal foree J rather than th 


vertical weight JV. ‘Taking this into 


good pivots and jewels as good as iccount equation (2 becom 
noney can buy, Remember that Figs. T Ld) 
3 (b), (ec) and (d) represent reason and combining equations (3) and (5 
ible tolerances in grinding sapphires t I ni LW 
by the best domestic and foreign ar \ f ” 
tisans, a ) 
Referring to Fig. 5, one end of the 2 
movement is supported by the jewel But r is a variable depending 
reaction J normal to the surface of upon the size and contour of the 
contact. If W represents the weight Q,. pivot and the location of the poin 
supporte d by the jewel, then J can be of contact. If the pivot has a truly 
resolved into a vertical component JV spherical tip with radius S, the fri 
ind a horizontal component P. Then Ke tion radius will vary according to 
W - the relation 
‘ (3) b 4 
Wy Fig. 5. Frictional torque is propor- F S cos : 
COS * tional to J and r. Both J and r are 2 
an functions of pivot and jewel contours. Petite (0) sal (2. the-ivh 
4 g ‘BF 
ind P W tan (4) tional torque for a pivol with truly 
2 sph rical tip becomes: 


In the common condition of unsymmetrical loading 
shown by Fig. 2, the heavily loaded pivot will fall, and 
the more lightly loaded pivot will rise, on the slopes of 
the jewel cavities until the horizontal reactions P at both 
ends of the movement become equal. To produce equi 
librium, the slopes at the points of contact must neces 
we ly be different for the two bearings. The more hea ily 
‘oaded pivot produces the most friction, other conditions 
being equal, and this pivot also is subject to the higher 
Working stress. 

If 9 is the total angle of the jewel cavity at the sur 
f contact, obviously the normal force J will increas 





ie 
p WS cos 


COS 


Henee, for a sphe rical pivot tip the friction is direct] 
proportional to the radius of the tip and the weight car 
ried by it. But for a pivol tip of any other shape equa 
tions (7) and (8) do not hold, and the frictional radius » 


becomes a complex variable. A pivot having a flattened 


tip would show constant radius of contact for any jewel 
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Fig. 6. Theoretical safe relation between pivot loading and 
pivot radius as derived by Stott. In practice pivot loading can 
be higher than indicated by this curve for static loading, on 
account of the curvature of jewel cavities. 


angle. A perfectly sharp point would have zero radius 
and zero friction, but would not be able to sustain a load 
without deformation. In practice, an exact spherical pivot 
point being unattainable, r must be considered as a func- 
tion of both jewel and pivot contour. 

To avoid deformation of pivots it is necessary to keep 
working stresses at all times below a critical value. Stott 
has experimentally determined the critical stress for 
conical pivots, and has developed a mathematical rela 
tion between the load carried by the pivot and the mini 
mum safe radius. This relation is shown graphically in 
lig. 6 for a hardened steel pivot with spherical point in 
contact with a flat surface assumed to have no elastic 
deformation. In practice, pressures somewhat higher 
than those obtained from the curve can probably be 
allowed, as the pivot invariably comes to rest upon a 
curved portion of the jewel cavity. No data are available 
on the elastic properties of sapphire, but such elasticity 
will further increase the allowable working pressure. 

End play is another variable which may influence the 
frictional performance of an instrument. In practice, a 
reasonable amount of end play is provided as insurance 
against possible Jamming due to different thermal expan- 
sions of the movement and supporting frame. 

Normal end play, with normal unsymmetrical loading 
of the movement, can be assumed to produce somewhat 
different frictional torques in the two bearings of an 
instrument. ‘The exact amount of axial sliding, the final 
working position of the bearings, and the resulting fric 
tional torque are incapable of mathematical solution ex- 
cept in the ideal case. 

The amount of end play influences the working stress 
in the pivot at the surface of contact. A small amount 
of end play brings the contact surface of both bearings 
well up into the narrow portion of the jewel cavity, 
where the radius of curvature is small. This tends to 
increase the area of the surface of contact, and decrease 
unit stress. On the other hand, a large amount of end 
play will allow the more heavily loaded pivot to slide 
down the slope of the jewel to a point where the radius 
of curvature is larger, thus decreasing the area of the 
surface of contact, and increasing the working stress. 

End play introduces a still greater variable in instru- 
ments used for service where vibration is encountered. 
Here, unit stress in the pivots of a given instrument can 
be increased to a high value by allowing excessive end 
play. If there were no end play at all, the pivots would 
have to carry only static load plus forces of acceleration. 
But with end play the movement will fail to follow the 
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forced motion of the jewels, and will absorb e: 
a high rate during brief moments of contact. T) 
ment may, at certain frequencies, develop a 
vibration of its own, with resulting hammering 
against jewels. These conditions develop extren 
unit stresses in bearings, and require a liberal { 
safety as compared to static loading. 

Stott’ has shown that the coefficient of fr 
sapphires may vary considerably depending 
orientation of the crystal structure with respe t 
size of the cavity. Measured frictional variation 
order of 2.2 to 1 were reported, due to this cau 

The type of service for which an electrical in 


is intended introduces still another variable. | 
tionary service, a relatively sharp pivot can be 
reduce friction to a small value. For transportat 
vice or for any service where the instrument is 
to continued vibration, the aspect of the friction ) 


changes. As long as the vibration continues, static fy 
tion does not appear. But when the vibration ceases, | 


laws of static friction begin to operate, and if a 
is expected under both vibration and static conditions 


becomes necessary to design the instrument with highe; 


spring torque or less weight. Either of these exp 
will probably increase the electrical energy required 
operate the instrument. 

The conclusion is far from mathematical. No forn 
alone can show the difference between an accurate instr 
ment and an inaccurate one. The only certain method 


that of actual test. Even with a favorable torque weight 
ratio, the success of a given type or make of instrument 


depends much more upon the care with which its jew: 
pivots, springs, and balancing adjustments are manufa 
tured and inspected, than upon arbitrary torque weig 
ratios. A high ratio of torque to weight will someti: 


conceal inferior bearings and other defects. But hig! 
torque requires high energy consumption. The real test 


of an instrument is its ability to operate in a satisfa 
tory manner with a limited amount of energy. 
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“Valuable Literature” 


To the Editor: 

‘ I am sorry I did not get subscriptions from all 
at our plant who are engaged in servicing instrum¢ 
controllers, but have not given up. If I am able to 
any more subscriptions I will gladly send them in 

I regret very much that I did not know of your pu 
while I was actually engaged in the installation and 
of refinery instruments, for I feel it would have beer 
siderable help, hence did not hesitate to recommend 
friends, even though it were, you might say sight ul 

In an issue of The Refiner last vear I read of yo 
“Fundamentals of Instrumentation” and “Temper 
Humidity” and was permitted to order them for 
library. We now have also “The Engine Indicator” 
library. It was the desire to find out more about suc! 
literature that prompted me to write you. 

It is my firm belief that you ‘could increase your « 
by calling your publications to the attention of plant 1 
electricians, instrument maintainers, etc., not only ir 
but in all industries as they are all becoming more i! 


conscious. 


E. J. Dear 
Newark, Ohio, 
February 9, 1935, 
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\ regard to certain terminology regarding cathod« 
y apparatus, which the writer discussed recently 
with the editor of Jnstruments, the writer now pre 
cents his own ideas in the matter, for comments by /nstru 
ents subscribers. The I.R.E. has not yet standardized 


| 





m 
these terms, SO that in editing manuscripts for the J... 


Proceedings, the writer has had to use his own judgment 

which in most cases was to let each particular author's 
own terms ride. In the following list of some of the items 
that have been considered, the first term in any particu 
lar paragraph is the term that the writer has used in his 
own writings. 

OSCILLOGRAPH, Oscitioscopr. This is a contro- 
versial subject. While accuracy in terminology seems to 
favor the latter term, an investigation of present usage 
(J have recently examined about 1200 technical articles 
on this subject, published during the last thirty-five 
years) shows that more than 909% of the authors use 
“oscillograph.” The suffix “graph” by no means definitely 
connotes writing, printing or other recording equipment 
(telegraph, phonograph, etc.). It seems that since a 
graphical or two-dimentional figure represents a typical 
oscillogram obtained with a cathode ray tube, the term 
OSCILLOGRAPH is justified. It also seems that many 
engineers tie up the word OSCILLOSCOPE with par 
ticular apparatus built by one or two companies, by 
reason of the stress they have placed on this word in 
their advertising. 

CATHODE RAY, Evectrron Jet, ELectron Bram, 
ELectron Stream, etc. Usage favors the first, although 


modern electron principles might give weight to the 
second term. 

CATHODE, ANODE, etc. The meaning of these 
terms is established by ordinary electron tube practice. 
In the cathode ray tube, however, several “anodes” may 
be used. I have found it desirable to restrict the term 
“anode” to that electrode that determines the final veloc 
ity of the electrons. Other intermediate 
therefore, called “focusing electrodes” 
‘first,’ 


“anodes” are, 
with the prefix 
“second,” etc., as required. The electron lens 
principles might require that a negative potential (with 
respect to the cathode) be applied to certain of these 
electrodes, which emphasizes the desirability of not 
using the term “anodes.” The function of these electrodes 
is not to collect electrons (the usual meaning of anodes ) 
but to produce and to control certain concentric electro 
static fields. My own terminology, which permits only 
one cathode and one anode for each jet within the tube, 
will not take care of certain types of tubes (compara 
tively rare) which have a two-stage acceleration: that is, 
in which the ray is speeded up rapidly in the region next 
to the screen. This is at variance with the data sheets of 
some manufacturers who designate all odd electrodes 
within the tube ‘‘anodes.” 

FOCUSING FACTOR. A term used to denote the 
eflectiveness of the focus. It may be defined as the ratio 
of the diameter of the spot to the diameter of the screen. 
rhis term has not received much attention and the writer 
does not know if it is original or not. Test conditions, 
however, must be stated, such as “tests made with the 
deflection plates shorted, and with maximum rated anode 
potential and bias set half way between zero and cut 
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athode-ray Apparatus Terms 


By RALPH R. 


BATCHER* 


off.” Inasmuch as in some makes of tubes focusing is not 
equally effective at all points the writer recommends that 
an average spot diameter be taken, measured at fou 
points taken at the 
diameter equal to 709 of the nominal diameter of thy 


intersection of a circle (having a 


screen) and the normal axes. 
NORMAL AXES. The 


when an alternating potential is applied successively to 


traces of the spol produced 
each pair of deflection plates. ‘These axes usually inter 
sect near the center of the screen. 

WEHNELT CYLINDER, Focusine Cytinper, Far 
ADAY SiuieEvp, ete. The first term is generally used, al 
though it is doubtful if the shields used by Wehnelt in 
his tests correspond exactly to the cathode cylinder as 
used in present-day tubes. The term Concenrratrion 
CYLINDER is probably the most accurate as ils function 
is to concentrate the diverging bundle of ravs around the 
cathode and its effect on the focusing of the spot at thre 
screen is secondary. 

KLECTRON FOCUSING, E.ecrronic Lens Focus 
ING, and several other terms have been used to refer to 
focusing by concentric radial fields. This principle is 
ordinarily, although not necessarily, used in high-vacuum 
tubes. It is used to distinguish it from Gas-Focusina 
which requires a certain amount of gas ionization for 
counteracting dispersion. It is a characteristic of gas 
focusing that a careful control is necessary of the fila 
ment temperature, whereas with ELECTRON FOCUS 
ING this adjustment is not necessary. It is quite possi 
definite 


enough in the case of gas-focusing as it is quite possible 


ble, however, that this characteristic is not 


that the electron emission can be controlled accurately 
enough by the use of inverse cathodes, and other devices, 
which would do away with the necessity of a filament 
rheostat. ELECTROMAGNETIC FOCUSING by thi 
use of concentric coils is applicable to both gaseous 
and high-vacuum tubes, and the position and current 
through these coils can both be varied at will. This is 
probably true also in the case of KLECTROSTATI( 
FOCUSING with internal electrodes. The effect of the 
gas, however, is rather difficult to predetermine, and the 
position of the plates, therefore, hard to locate. Since it 
is impossible to chang these ( le ctrode Ss around nm a tube 
once it is assembled, it is usual practice to pump such 
tubes as hard as possible. 

It would be desirable to have some definition of the 
vacuum conditions in a tube that would cover all cases 

SCREEN BRILLIANCE. This factor is usually ex 
pressed as a series of curves. At prese nt such curves do 
not ordinarily state the color limits over which the data 
were taken, in the determination of the candle power per 
unit area. Brilliance 


factor is usually important only 


when photographic records art to bye made, and the 
candle-power over the visible spectrum is not sufficient 
SCREEN SPEED. The fluorescent decay pe riod of a 
screen is now rated as normal and fast. It is desirabl 
that at least three ranges be defined: 
Fast 


seconds or less. 


the decay curve of the order of 100 micro 


Normal 
Slow 
At a later date additional information on this subject 


the decay curve of the order of 0.02 second 
the decay curve with a period of 70.5 second 
will become necessary. A particular tube, for instance 


Continued on page 118 
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A Proposed Vacuum-tube Type o! 
“True Direction” Aircraft Instrument e 





en 

By J. A. BROOKS err 

1) 

INTRODUCTION—DISCUSSION O} of the magnetic field. He further points out 2% 

rHE DUDLEY-SLEPIAN ARTICLI effect of the magnetic field cannot be se parated 1b 

a ig nt 

Ce ee ee . oe Se ee effect of the aur easel field unless the diré Ie 


; ; magnitude of the electrostatic field are known 
reports an ingenious device for indicating the true : ; i 
also that the conductor cannot be shielded st 


direction of movement of aircraft, and reports also : ; : na 
Dr. Slepian’s opinion thereon. Dr. Slepian raises a ques electrostatic field without nullifying the effe: a te 
p mes ] . magnetic field, because the shield in moving ith 
ion which goes to the roots of our concepts of electricity a P ‘ S 
ran : n , ‘ : : o "! it b ny 
ind requires a cure ful interpretation ot the Cheory ot whhnecreisiaets ae 4 poscuien etsibabeice ea 5 } 
Relativity. Fi ee aa ee a aa the same magnetic lines of force, and that this en 
if { 2’. , \ S f ‘ 
; ° set l : ectrostatic i ins SET — 
venerator COOP rating with the vertical component of the et «Pais el wt peer field ~ ide “ hi 
. xer fore ual ¢ osite to t "CES mag 
( irth S magnetic field to bye a loop formed by a conductor ae . ginsadal e 08 =o ‘ ot “| 
‘ by the action of the magnetic fic ld. part 
ind leads connecting the conductor to the slip rings. . 5 ft] 
‘ ion Oo 
lor the purpose of clarifying the discussion it might be A SOLUTION MAY LIE IN THI hod 
. Cathode | 


well to consider the generator as comprising only the THERMIONIC PRINCIPLE , 
A moveme 


conductor, cut at the center, and with the inner end of The writer concurs with Dr. Slepian’s views onal ta 
each half connected to a slip ring. as the form of the device describe: as 

It is well known that when a conductor Dudley is concerned. On the ot » tere 
is moved laterally through a magnetic field the writer does not believe that R eineiananl 
1 difference of potential is set up between renders impossible a solution of i lasiies 
its two ends. It is generally believed that lem. and therefore suggests ad uae | 
this difference of potential is caused by . a which a given magnetic or elect d 
1 redistribution of the free electrons in field produces different effects d eee 


° . e cre ised. 
the conductor, which results in fewer elec upon which part of 
> . ° ode and 
trons at the positive end and a greater cult is subjected 
number of electrons at the negative end. +-— FIELD CONCENTRATING tion. The plate cir 
eS s vacuum tube falls 


sep irate 


' approxil 
If the conductor is moved through the rE ae 
magnetic field and at the same time rotated category, as is appa Hi I 
about an axis perpendicular to the plane ee ae eee re the difference in eff rel cage 


é ore ; . one idle 
oO wets a duced by 4 potent i t gee 
Lor tt NN MAGNETIC CAGE ; The inte 
‘ce ' 


containing the direction of movement 





which in turn is assumed to be perpen at ' . near its cathode as « 
dicular to the lines of force acting upon iS if | with the same potent may be 
the conductor) then each end of the con <= 5 eb ; | -CATHODE up near its plate, th pieces, 
ductor is alternately positive and negativ: cay | tial differing slightly | lent nul 
and of opposite sign from the other. This 2 aa the cathode potent the elen 
should result in the flow of an alternating ap .4 first case and from t travel b 
current in the conductor, by reason of = eaalilacdiae potential in the second the plat 
reversals in the polarity of the potential | | é It therefore is) propos Fig.*1. 1 
generated between its ends. If slip, rings [ F —Heater that the vacuum tube ¢g of the ce: 
are inserted in the conductor at the axis ator described below : vice sot 
of rotation and an impedance connected ' stituted for the An inspe 
icross the slip rings, the alternating cur \ | component generato that the 
rent flowing through the impedance should F---FIELD CONCENTRATING device described | \I The u 
set up an alternating potential. POLE PELE Dudley. In the vacu { a of 
Now assume the same conductor to be generator the verti np es 
rotated, but without rectilinear movement, ponent of the eart Geta 
in an electrostatic field, the lines of fore: f > is made to act upon | 5 ea 
of which are parallel to the plane in which aaa current of a vacuun saisieidl 
the conductor is rotated. A similar alter FIG. 1 a point near the iten | 
nating current should be set up in the where the action is 1 sr tiles 
conductor as a continuous redistribution fective. The plate ba 
of electrons takes place in the conductor vacuum tube serves J 
to maintain zero potential between its ends. electrostatic shield. The forces on the electrons +} . 
Dr. Slepian points out that if the conductor described the action of the magnetic field are equivalent hrough 
is rotating about an axis in a magnetic field parallel to the forces would be if the tube were of the con Tat 
the axis and in an electrostatic field perpendicular to the three-element design, with a potential set up ee 
axis, and at the same time moving rectilinearly through grid to the cathode equivalent in value to the | : xe 
both fields in a direction perpendicular to the axis, the which the magnetic field would generate in rnouge 
flow of electrons in the conductor will be influenced by conductor. This potential is set up also betw ngth 
the action of the electrostatic field as well as by ackion plate and the cathode, but here its effect is n SOr 
Pe ee ee ee ee ee xe as compared to its effect when applied in th os fer’ 
& Po ( of the cathode. heat 
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DESCRIPTION OF PROPOSED DEVICE from a source of current which is connected to th 
tul t I t od through battery DJ. The magnetic grid is connect 
-oposed vacuum tube generator, Fig. 1, consists : : 5; 
prope ; a. 3 to the cathode through battery ( The two prlat ire 
ti-element thermionic tube having: (a) a heater, Oe 
“ connected to the cathode through output device | ind 
and two plates, all as usual, and (b) an added Sagat 
J ’ batterv B. The output device mav be anv of th 
; nt which supplants the control grid used in existing : 4 
‘ ana ‘ known irrangements of itput COUPLING bu Clie 
vent vacuum tubes. This element acts to produce 
, : ; i ae illustrated it) consists of an output transt 
“eet which is somewhat similar to the effect pro ; 
; ; ts primary of which is center tapped. The cent 
hy the control grid in the conventional 8-element 
. Z . connected to the B batterv and the ends are connect | 
th onic devices; but, instead of the effect being . ; 
. ‘ , . the two plate s. This is known as a push prt ll con 
d by the setting up of an electrostatic field between 
. ind operates as such. All of these connections and 













ontrol grid and the filament, it is pro 
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of batteries are we known and need no 


inoed by eausing a magnetic field having 
of force substantially parallel to the ANODE PLATES, 


long axis of the cathode to pass through PCr es OF ORRRALION 


the path of the particles of electricity < =A0 mee AGE Phe operating features of the 
moving from the cathode to the plates CATHODE fen sca uum tube generator can be deseribed 


n such a way that these particles cut progressively as follows: The 
the lines of force. Due to this cutting of y mounted with the long axis of the cathode 
the magne tie field, a force is exerte d on vd )) irallel to J When the tube it rest with 


the particles of electricity in the diree respect to the earth's surface, and all circuit 





shown in the wiring diagram in Fig. 3 


tion of the plate or in the direction of the 
cathode depending upon the direction of closed. the cathode is heated and. emit 


‘ 


movement of the magnetic field with re electrons which are attracted to the two 














spect to the path of the electrons emitted CATHODE plates, setting up plate currents in the two 
from the cathode. When the force a plate circuits. Adjustment of the C bat 

is toward a plate the electrons are it tery voltage should affect the plate current in 
accelerated and the plate current MAGNETIC CAGE—_L 1 manner similar to adjustment of the grid 
is increased. When the force is aes bias in the conventional 3-element tube. Thi 
toward the cathode the electrons Lie lines of force in the magnetic cage, set up by 
are decelerated and the plate current is de | I’, do not affeet now the passage of 
creased. The new element surrounds the cath i f electrons between the cathode and plats 

ode and consists of bars of magnetic material, HEATER hecause these lines are confined within 


separated from one another by intervals the bars of the magnetic cage and ther 


approximately equal to their width, and ar fore are not present in the interstics 


ranged in a cylindrical configuration (“‘squir through whieh the eleetrons pass. The hori 





rel cage”) with the cathode approximately zontal component HZ of the earth's magnet 


coincident with the long axis of the cylinder. field is confined in the small bridge pieces of 








The intervals between these bars magnetic material between the bars of) the 
may be filled partially by bridg PP TRANSFORMER ‘ cage and it therefore does not effect the pa 
pieces, leaving however a suffi | } sage of electrons between the cathode and 
cient number of interstices through wes OUTPUT plates fora similar reason, In terrestrial zone 
the element for the electrons to TERMINALS where 77 is small compart dtoTl’, these bridge 
travel between the cathode and pieces need not even be of magnetic material 
the plate. Fig. 2 is a plan view of after the lines of force set up by the vertical 
Fig. 1. The use of two plates located on opposite sides component have been concentrated by the use of mag 
of the cathode—makes the tube a duplex thermionic di netic material as described above. 

vice so that it can be considered as two thermionic tubes. The tube is now rotated about the long axis of the 
An inspection of the connection diagram in Fig. 3 shows cathode, causing the lines of force set up by I’ to thread 


that the tube is actually used as such. through the magnetic grid from one bar of magnetic ma 





The upper and lower pole pieces shown in Figs. 1 and terial to the adjacent trailing bar of magnetic material 
t are of high-permeability magnetic material and serve in such a manner that they are still confined within the 
to concentrate the lines of force set up by the vertical cage wall and are not present in the hollow inside of the 
component V’ of the earth’s magnetic field. The pole cage. As these lines pass longitudin ily through the in 
pieces are designed to terstices, thev are « 
saturate at a magneto by the electrons travel 
motive force well be ing radially through 
low the usual strength the interstices. The 


of I’, so that the num Instruments’ Open Forum on lines exert on the elec 


he r of lines of force trons a force wh ( h 


ec . — 9 
through the magnetic the “True Direction” Problem ee gl ace aga 
cage of the tube are , Fel ; ; “ ; plate or in the dire 
iaintained substanti n our February issue we printed an article reporting one type 


ye he cathode a 
f proposed instrument and stating that Relativity would prevent ion of the cathode d 


a 2 : - “adie 

viv constant even it from working. Our editorial comment concluded as follows: pending upon the d 
though the field * ... need of open discussion. We particularly desire reports of rection of rotation of 
strength of Vo mav investigations actually conducted, with analyses of results ob- a Saas 


tained . . . Send them in!” It is our hope that this open forum ag 
will hasten the solution of aviation’s most perplexing instrument direction of this for 


. Refe rring to Fig. 3. problem. M. F. BEHAR if toward the cathode 
heater is energized when exerted on an 


vary somewhat. 
























INSTRUMENTS 
May 1935 Page 117 





electron passing to one plate, is also toward the cathode 
when exerted on an electron passing toward the other 
plate; and if toward the plate in one case it is also 
toward the plate in the other case. Therefore the change 
in current in one plate circuit has a corresponding 
change of current in the other plate circuit 
and—since the change is similar in both 
plate circuits—no change is detected in the 
secondary of the output transformer. 
The tube now is moved rectilinearly in 
a plane perpendicular to V. Considering 
for a moment that the tube is not rotating 
about the long axis of the cathode, the 
lines of force set up by V take two paths 
entering at the 


the cage, 


through the magnetic cage: 
leading 
where they divide, substan 


side of 


je FIELD CONCENTRATING 
tially half of them passing POLE PIECE 
to the trailing side through \ 


one semi-circular section of DIRECTION OF ROTATION 


the cage and the other half a Tee 
passing to the trailing side (4 
through the opposite semi 


the 
(By semi-circular 


circular section of 


DIRECTION OF 


soles 
a _ sa MOVEMENT OF CRAFT 


= 


sections of the cage are 


meant the sections formed a 
by the plane which con \ 


tains the direction of move- \Y 





ment and the long axis of 
the cathode.) These paths 
are illustrated in Fig. 4. It 
that the 
interstices 


is now apparent 
electrons in the 
cut the lines of force set up 
by V’. Assuming for the mo- 
ment that the two plates are 


POLE PIECE 


as shown in Fig. 4, that is, each 





plate entirely on one side of the 
plane which contains the direction 
of movement and the long axis of 
the cathode, the force exerted on 
the electrons in the interstices on 
one side of the plane is in the same general direction as 
the force exerted on the electrons in the interstices on 


} 


y 





= 





DIRECTION OF EARTHS 
VERTICAL MAGNETIC FIELD 


FIELD CONCENTRATING 2 


the other side of the plane, but the arrangement 5f ¢p, 
elements of the tube is such that this force is tow a 
of the plates and away from the other plate. Th. »ofo,, 
the plate current in one of the plate circuits is inc ->4, 
and the plate current in the other plate circui a. 
creased, the dissimilar change in pla‘ ey, 
rent in the two plate circuits sett » 
voltage across the secondary of th 1) , 
device. If it is now assumed that 
is both rotating about the long axis «f 


cathode and at the same time moy ner 
pendicularly to V, then we have On 
J bination of the two actions describ: p 
a rately The combination cay 
thought of in terms of increasing t 
of cutting of lines of force set up by | 
on one side of the plane and decr alas 
the rate of cutting on the other side of 


above. 





cs the plane. If the rectalinear moyemen; 






j is not along a magnetic meridian, the; 
TR the electrons passing fron 
PATHS FOR cathode to the plates wi } 
Hoch! \ é I ates will be caused 
MAGNETIC to cut lines of force set up by H 
| LINES ry’ . e = , . =. ° " 
| caliiaes Che force resulting w ill be in a lin 
| TUBE parallel to the long axis of the cat 
ode and the sense of the force \ 
depend upon whether the tube is moving 
east or west. However, the sense ot force 
} set up on the electrons will be the sam 


whether the electrons are passing on om 
side of the plane referred to above 
the other side of that plane. These for 
may tend to deflect the electrons upward 
or downward and may therefore affect th: 
plate current in the two plate circuits but 
the effects should be mutually compensat 
ing and should therefore not appear across 
the terminals of the output device. 
These effects moreover would be rela 
tively small as compared to the effects of 
the lines of force set up by V, becaus: 
these lines are greatly concentrated by thy 
magnetic material 


or ol 


\ 


whereas thi 
horizontal lines of force are not so con 

centrated. Also, the magnetic bridge pieces should r 

duce the value of H in the interstices of the cage 


use of 





CATHODE-RAY APPARATUS TERMS 


is now rated as having a slow screen, but the intensity 
drops off quite rapidly to a much lower value and then 
phosphoresces for some time thereafter. The decay 
period depends somewhat on the initial excitation, so 
that some standard test conditions will have to be defined. 

DEFLECTION SENSITIVITY. This factor is best 
stated in the form of volts per inch deflection for one 
kilovolt anode potential. In this form the circuit require- 
ments can be mentally calculated quickly. It should be 
stated for both sets of plates. 

MODULATION ELECTRODE, Conrrot EL xec- 
TRODE, Conrrot Grip, etc. The term should refer to 
that electrode that controls the brilliance of the spot 
without affecting its deflection sensitivity. If a numerical 
value is given for this factor, it is believed that the ordi- 
nary amplification factor, or “mu,’’ provides a satisfac- 
tory designation. 

NORMALITY. The writer believes that some term is 
needed to denote the variation with which the axes differ 
from 90°. Several terms might be suggested but it seems 
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Continued from page 115 


that the term NORMALITY is adequate. Likewise se\ 
eral systems of measurement might be suggested. [li 
definition should take care of non-parallel plates, 
effect of fields due to leads and support wires to the di 
flection plates, the condition where the plates are not 
perpendicular to each other, and in the case of magn 
focusing coils: the effect due to rotation of the jet. ‘Th 
following is suggested: “The normality factor is the mean 
value of the four angles (either acute or 90° ) which the 
edges of an inscribed square (representing the « 
field of the oscillographic diagram) make with the hor 
zontal axis and a line drawn perpendicular wit 
axis. The square should have a diagonal length equal 
the nominal diameter of the screen.”’ I am sure that thi 
wording could be improved but it represents an id 
THRESHOLD EFFECT. This term is used in lng 


land, and by many American writers. An alternate term 


} 
] 


is ORIGIN DISTORTION. Until its causes are etter 


known and the contributing factors known, this « 
best described with a curve, or a series of curves. 
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. Plan for Centralizing Information on 
ecial Research Instruments, Apparatus 


By RICHARD RIMBACH?* 


EARLY all research activity centers about the 
making of measurements, and the developments 
of special methods and instruments, for new and 


measurements, are very generally the most time 


1) 
consuming and expensive part of a research develop 
ment. It is my hope that some of this time can be saved 


hy a plan whieh [ ask you to support. 

There are many research workers who build instru 
nis and apparatus for their special requirements. It 
~~ eoneeivable that a research worker in a medical lab 
yatory would have need for a special instrument that 
had alreadv been designed, developed and built by a 
worker in an oil research laboratory. No doubt the oil 
research worker had described his apparatus in the tech 
nical journal covering his field. ‘The medical worker. 
though. cannot be expected to know of this device. Or 
the hypothetical conditions I have stated here may bi 
reversed. Usually the re porter ot a piece of research does 
not inelude all the details on his instrumental equipment. 
but in his report covers the method used and the data 
obtained. 

Assuming that the technical report contained — thi 
nformation on the construction of the instruments and 
ipparatus, the number of journals and other documents 
is now so heterogeneous that, even though one has access 
to excellent libraries, it is practically impossible to obtain 
and consult all the original published articles on a given 
subject. 

\lso. due to limitations in the funds which are avail 
thle for publication purposes, the number of papers 
From a talk “Measuring Instruments in the S 


r Institute of New York, April 
\l wing Editor, Instrument 


olfered for publication is far in excess of the number 
which can be printed. Many papers are refused and 
practically all are accepted only if they are condensed 
to a considerable degre: Usually such condensation 
climinates all reference to the method of measurement! 
or the construction of the instrument or apparatus 

I would therefore offer to make Instruments’ othee a 
cle pository for information on research instruments and 
apparatus. I, therefore, appeal to vou, who are on the 
firing line of science. to send in desc riptions of the de 
vices vou have designed for your spec! il experiments 
Some one else may be saved considerable time if) suct 
information is sent in by you 


whiel 


The information should consist of the paper i 
you reported your investigation, plus the details about 
the apparatus which vou left out of vour scientific paper 
| mean such details AS dimensions, mate rials used nd 


their cost. othe r costs involve dl sensil 


ivily, accuracy, in 
Structions on manipulations, notes on troubles if any 
limitations in range and in other respects, ete. Needles 
to sav, a profusion of photographs and diagrams will b 
welcome. Nor should vou waste your own note sheets of 
calculations of design (as distinet from caleulations of 
measurements performed) for these exact calculation 
may be of permanent value to the art. 

In addition to this descriptive report you will do we 
to append (a notes on whiy the most suitable insti 
ment already made, failed to be useful, or good enough 
b) suggestions to the next one to try the work, how to 


exact information on type and 


improve the design; (« 
model of re ady made units incorporated in design: ma 


d) significant notes on what did not work 





The “True Direction” Aircraft Instrument Question 


Discussion of Article by A. M. Dudley in February Issue, and of Other Ideas 


lo the Kiditor 

Regarding Mr. Dudley's article on a “true direction” instru 
ment for aircraft: 

The idea of using the earth’s vertical magnetic field to mens 
re ground speed is very old. T recall making a report as far 
back as 1925—while employed by the U.S. Air Service at 
MeCook Field—in which it was concluded that such a device 
is fundamentally inoperative. 

If it is assumed (quite improperly) that the earth’s magnet 
lie'd is a fixed reference system, one can devise several method 
of measuring ground speed. The method described in Mr. Dud 
v's article is one that is not readily adaptable. A better method 
I devised and actually tried out while a graduate student 


+} it 
consisted in shooting a beam of slow-moving electrons (thermat 
elocities) in the direction of the line of flight of the plane 
hese electrons were deflected horizontally at right angle to 
he line of flight by the earth’s vertical magnetic field and, as 
ell known, the amount: of deflection. is proportional to the 
ocity of the electrons with respect to the magnetic field 
idered as a fixed reference svstem. Therefore, upon the 

e hypothesis, the motion of the plane might be supposed 
crease the electron deflection roughly proportional to if 
zround speed. The deflection was arranged through special 

ts to he read by a double vacuum tube bridge. However, 
of this device showed that the plane’s motion produced 
ect and supported the original prediction that the effect 


be zero, because a magnetic field is simply a special 
rty of space and it is not a fixed reference system. 


There are other experiments which show definitely that 


effect is to be expected. For example, arrange two copper cor 
centric evlinders in such a manner that their axes coincide wit! 


the axis of a solenoid which produce iuniform magnetic tel 


| hu 


throughout the region between the evlinder Insulate the 
evlinders and bring out electric leads by brushe Oo that the 
evlinders and the solenoid may be rotated about thei es of 
sViInmetry An electrometer is then connected to the evlinder 
through the brushes and. the olenoid excited by in clectru 
current. Now, if the evlinders are rotated at a definite speed 
it will be found that a constant potential difference will exist 
between them, both when (a) the solenoid i tationary, and 
when (b) the solenoid is rotating at the ime (or different 
speed as the eylinders. Conversely, no potential is generates 
when the cvlinders are not rotating, no matter what peed the 
solenoid is- rotated. These experiments how that the magnet 
field is not a fixed reference system and that the ordinar 
electrical engineer’s conception of a line of force being a per 
fectly definite thing is fundamentally false 

It is, therefore, safe to state that all the available experi 
mental data point to the impossibility of the solution of the 
problem by the method proposed, Further, the theory of ele 
trodynamics predicts a real second order change, but it is tor 
small ever to measure. 

Solution of the problem by the method considered is thought 
to be hopeless It can be solved, howeve r, by methods of a sound 
but much different nature 
Naval Research Laboratory 
Washington, March 28, 192 


Ross Gu» 


Technica {dvi 
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Accurately 
Guide and Regulate | 
Process Operations | 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, temperature 
and speed. These gages are available with 
any number of pointers and any scale com- 
binations from one to twelve. Actuating 
mechanisms may be oil-sealed bells or 


diaphragms 





Multi-Pointer Gage | 


Boiler Meters for recording combustion 


conditions and guiding boiler operators. | 


Flow Meters for 


indicating, record- 
ing and integrating 
the flow of steam, 
water, sewage, air, 


gas and other fluids. 


Recorders for 


temperature, pres 








sure, draft, speed 


and other factors. Recorder-Controller | 


Granular Material Meters 





for accurately measuring 
the flow of coal or other 
granular materials in grav- 
ity chutes from overhead 
bunkers. The total quan- 
tity of granular material 


is shown on a large illumi- 


be easily read at a dis- 


Coal Meter tance of 50 feet. 
Control Systems for combustion, flow, 
pressure, temperature and other factors. 


Complete information on any of the above Bailey 


Products will be gladly furnished upon request 


G-2 


BAILEY METER 
COMPANY 


1041 Ivanhoe Road . Cleveland, Ohio 


| 
nated counter which may | 
| 
| 
| 
| 
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Metering for Special 
Rate Structures’ 


PART ONE 
By PERRY A. BORDEN? and M. F. BEHAR 


1. Demand Measurement 
(a) General Considerations. 


Electrical energy is unique among saleable commodities: Fuel, w 
stuffs, clothing, and practically all tangible requirements of man n 
duced and transported during considerable periods of time, and 
stored at locations readily accessible to the ultimate consumer, w! 
may be drawn upon as required. Electrical energy, however, cannot 
but must be produced from fuel or water power, transmitted per] 
miles, and delivered on the consumer’s premises at the instant h 
and generally without previous notice; so that the hydraulic analo 
introducing the subject of watthour meters falls short of conveying 
of conditions 

In order to show that energy consumption is not the only factor 
sidered in fixing charges for electrical power, it may be well to consid 
cal example. The two graphs shown in Fig. 43-1 represent plots ot 
curves of two typical consumers to which a central station is supplyi1 
Graph A may be taken to represent the load of a saw mill, and B 
city pumping station pumping water into a reservoir. The saw mill 
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say, nine hours a day, and only three or four months in the year. Dur 
few months, and when big knotty logs are being cut, a large amount 
is required for a short time. Between cuts the motors run with | 
Other months of the year the mill is shut down and no power 
required. Consider what a task this mill is to the central station: tut 
erators, transformers, circuit breakers and lines must have reserv 
to withstand the sudden heavy loads when logs are going throug! 
reserve capacity is unnecessary during most of the day and idle erg! 
months of the year. In order to be ready to serve this load at inst 
Though the storage battery provides a reservoir fron which electrical 


yst 1s prohibitive as a means of storing considera of energy 


*Fifteenth chapter (XLIII) of Part Seven (Handbook of Industrial Electric 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of 
page A7 of November 1933 Instruments. A complete chapter of this new hand 
lished in each issue of Jnstruments throughout 1934 and 1935. Each chapter is s1 
final revision, and then set in type, shortly before its appearance in this serial for 
assure that the subject matter is thoroughly up-to-date. This new book is not pul 
any other periodical. Entire contents copyright. To be issued in book form on or abc 

+Member A.J.E.E **Editor, Instruments 
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necessary to tie up much money in equipment which 1s not being 


ire this load with that of the pumping station, as shown at B operat 
consistent schedule. Its machines are regular power consumers and 
central station’s plant practically 24 hours a day and 365 days a 
» central station knows just what to expect all the time, and there is 
rry connected with furnishing power for such a load 
se that each plant consumes the same number of kilowatthours dur 
year (the graphs as plotted show each plant as consuming the sam 
of energy during the day; and with the mill operating on the restricted 
schedule the divergence between the two will be much greater than si 
d). It is apparent that there must be many times the kilowatt capac 
t in reserve in the central station for the saw mill than is necessary 
pumping plant. We say that the “load factor” of the saw mill is 
and that the “load factor” of the pumping station is good. We mean that 
verage load of the former is a small percentage of the maximum load, 
n the case of the pumping station the average load nearly equals the 
aximum load (See definition at end of this Section). It is obvious that the 
ntral station should not be required to supply service to the saw mill at th 
price as to the pumping plant. The operating costs per kwhr. ar approxi 
itely the same in both cases, but the fixed charge portion of the service cost 
; much greater for the saw mill. The important part played in power costs by 
- element of fixed charges is likely to be overlooked by those not conversant 
ith central station economics. Actually the item of fixed charges may amount 
is much as 45% of the entire cost of supply in the case of a steam plant, 
nd as high as 85% in a hydroelectric plant 
From the above it will be apparent that the establishment of bills for ele 
trical service solely upon a basis of kilowatthour consumption and at a definite 
rate per unit without consideration of load factor cannot in all cases be fait 
to both utility and consumer; and it is with this in view that the majority of 
present day power contracts take cognizance of the element of demand, and 
endeavor to incorporate maximum demand in the 
item of fixed charges is usually much higher in hydroelectric power plants 


power charges. Since the 


than in fuel-consuming plants, demand determination is more important on 
hydroelectric systems; and it is in those districts where water power is of 
relatively great importance that the measurement of demands generally reaches 
its highest refinement. 

Since the element of demand is accepted as an index o 
fixed charges of electrical service to be borne by the consumer, it is we 
1 clear idea of the actual relationship between demand and the plant equip 
ment represented. The load capacity of generating and transforming equip 
ment is usually limited by the heat developed due to the load carried. This 
heating, however, is not directly proportional to the kilowatts handled by th 
ipparatus but to a function of the voltage plus a function of the current. The 
iron losses in the magnetic circuits of a.-c. apparatus vary approximately as 
the 1.6th power of the volts, while the copper losses in the electrical circuits 
vary as the square of the current. The total heat developed represents the sum 
of these two sources. It will be appreciated that any attempt to perform an 
electrical measurement on this basis and incorporate the requisite precision 
scientific instruments in a commercial metering device would be fraught with 
such dificulty and expense as to render it impracticable. The limitation of 
prime movers is generally based on actual power developed, that of the lin 
n the current transmitted, and that of the circuit breakers on rupturing 
ipacity, which is probably related as nearly to volt-amperes as to any othe 
measurable magnitude. Thus the actual electrical phenomenon whose magni 
tude should be taken as a true criterion of the share of the fixed charges to be 
borne by a consumer of electrical power is open to conjecture and may easily 
be made the basis of controversy. Estimates of demand are based usually 
upon installed capacity and can hardly be said to have sufficient accuracy to 
justify either incorporation into contracts or being accepted as a basis upon 
vhich to establish kilowatthour rates. The metering of consumed energy and 
the estimating of demand at the one time has been likened to measuring the 
length and estimating the width of a piece of property 
irom an economic standpoint. Modern practice has made it evident that quan 
titative determination of demand may be made with a precision sufficient for 

purpose by performing measurement upon either amperes, watts or volt 

res, according to conditions; and one or other of these magnitudes is used 
he basis of measurement in all present-day demand meters 

A further consideration which enters into the measurement of demand is 

element of time. Since heating is the prime factor in the limitation of load 
city of electrical equipment, it is possible to make a certain allowance for 


the share of the 


1] to gain 
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“Inspiration 
never helped anyone 


to discover 
or to invent 


ww 


he plain fact of the matter is that 
inspiration” never plays a part in 
discovery or invention, because ii 
always comes too late after the con 


rect-solution idea has been conceived 


If you do not believe this, observ 
vourself next time you get inspired 
You probably will conclude that in 
spiration 


is high blood pressure ind 


a sense of mental contentment 


No matter how fruitful it may be in 
the realm of ethies, philosophy o1 
theology, inspiration has nothing to 
do with solving invention-type prob 
lems-——which are every day engineer 
whether 


ny problems simple ol 


comple Xx 


Invention type problems can be at 
tacked systematic ally ‘Thus attacked 
solved The 


method le ads to thre One ses Solu 


they can be propel 


tion. very successful inventor in 
the past has unconsciously used thi: 
proper, natural, method thre true 
Inventive Practice. From now on, i 


ventors will do it consciously 


There is nothing magical about train 
ing your mind to produce more and 
better technical ideas. The ‘Trofimoy 
School of Inventive Practice has a 


Hom«e 


by individual mail 


Study Course, supple mented 
consultations 


which has prove d its cfheacy in doing 


just this 
WRITE FOR FULI 
PARTICULARS ro 
Trofimov School of 


Inventive Practice. Ine. 


38859 NortTHAMPTON Roap 


CLEVELAND Heiaeurs, Onto 


It is Ideas that Move the World 
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"AUTOSYN*“ 


Self-Synchronizing Motor 


AUTOSYN MO =| 


As Remote Indicating medi- 


ums in connection with... 


TEMPERATURE... 





PRESSURE... 








And hundreds of applications where 
Remote Indications are desired. 
e Operates 32 volts A. C., 60 cycles, 
single phase ¢ Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 


PIONEER INSTRUMENTS 


Pioneer Instrument Company Incorporated 
BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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t rma ertla i | » tak OY 4 ( the Tact tnat LOW ¢ 
overload, it takes time for the heat developed in the ipparatus to | 
through its structure and bring abo bjyectionable temperatu 
Thermal inertia is of course governed by a great variety of factor 
iltimat temperature ris r a piece of equipment under any part 
condition will be determined by many characteristics governing th 
triput . of heat thr ugh ut the mass and the facilities for dissipat 

is 1t is generated. With these facts in view it has been found nec 
ploy various time intervals in the determination of demand, and 
the selection of a particular period by the nature of the equipm 


gn of demand meters provision 
1 variety of demand intervals; and these may run from 14 minut 
l 


he most common being probably minutes and 15 minutes 


The Incorporation OF demand 11 
| 1 
ing of the several variable magniti 


resentation of the amount to be 


ito powell cont 
ides which go 


issessed again 


racts, and the 
to make up an 


the consum 


T 





energy, are involved in the subject of rates and rate structures 
industrial economics and not within the scope of this work 
(b) Definitions. 


As thus far consick red, demand has been treatec 





dS a MOT 


term. In order that it may be mack the Dasis of quantitative measul 


gnitude. The fol 
] ] , ‘ 
tions of demand and associated t rms are reproduc d trom the ( 


tricity Meters.* 


essential that it be de fined as measurable ma 


|. Load Factor. The load factor of a machine, plant or syste: 
1 
Of the averagt power to the maximum power during 1 certain | 


[The average power is taken over a certain period of time, such 
month or a year, and the maximum 1s taken as the iverage OV 
rval of the maximum load within that period 
Demand. The demand for an installation or system is the | 
lrawn from the source of supply at the receiving terminals, avera 
suitable and specified interval of time. Demand is expressed in kil 
volt-amperes, amperes or other suitable units 


3. Maximum Demand. The maximum demand of an installati 


is the greatest of all the demands which have occurred during th 
determined by measurement, according to specifications, over a pri 
interval. In accordance with specifications, a demand may be m 

instrument with a time lag, or an instrument integrating the load 


scribed time interval; or the load may be determined 
f readings of an indicat 

4. Demand Interval. The length of the interval of time over wl 
mand is measured 

5. Demand Factor. The ratio of the maximum demand of any 
part of a system to the total connected load of the system or that 
system under consideration 


: rave : 
6. Diversity Factor. The ratio of the sum of the maximum pow 


of the subdivisions of any system or parts of a system to the max 


mand of the whole system, or of the part of the system under 
measured at the point of supply 
Averaged Maximum Demand. The highest average or arithm 

of similar demands. It may be computed from several demands 
number of days, either consecutive or within certain limits of tim: 
month or a year 

8. Simultaneous or Coincident Maximum Demand. The 
similar demands of a number of services occurring at the same 
be obtained by the summation of measurements at each service or 
measurement at the source of supply of the group. 

9. Daily, Monthly or Annual Maximum Demand. The maxim 
which has occurred within the specified interval of time 

10. On-Peak Maximum Demand. The maximum demand occur 
certain designated hours, called the peak period 

11. Off-Peak Maximum Demand. The maximum demand occurt 
certain designated hours, called the peak period 

12. A Demand Meter is a device which indicates or records th 
maximum demand 

13. An Integrated-Demand Meter is one which indicates or 
maximum demand obtained through integration 

14. A Lagged Demand Meter is one in which the indication 
mum demand is subject to a characteristic time lag 


*A.E.S.C. Standard No. ¢ 
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» | t Determination of Demand 


data necessary to the determination of demand over any selected 
rval appear on the chart of a simple recording instrument; but the 
tion of the data in the form of elements to be incorporated in the 
ion of power costs 1s no simple matter. At the outset care must be 
to differentiate between a simple recording wattmater (or ammeter) 
rding demand meter. Both read in the same units, but in the forme: 
is made to obtain a record of every variation which takes place in the 
| joad, and only such damping is introduced as will serve to eliminate 
1s and prevent undesirable blurring of the chart record. This damp 
be indeterminate in its value and subject to wide variation without 
y affecting the usefulness of the instrument for its intended purpose 
recording demand meter, on the other hand, the cross-chart speed of 
ording pen or stylus is governed by definite laws, and the record be 
n itself a measure of demand and not necessarily of the load at any 
lar time. 
only workable method of demand determination from the charts of 
rdinary recording instruments lies in the selection of that portion of the curve 
which the indication remains at its highest value for the duration of 
lected time interval. This is known as “sustained peak.” While its value 
t exceed the true maximum integrated demand, it may fall far short; and, 
the speed of pen travel is usually indefinite, its “dip” at any time, in 


esponse to a momentary decrease of the load during the peak period will be 
uncertain value; and any value of demand so determined will be entirely 
to the degree of damping which the particular recording instrument 


ippens to possess at the time 

In the descriptive sections which follow, demand meters are considered 
nder the two principal classes of Integrated Demand meters and Lagged De 
ind meters. The essential action of the former is to compute the average 
lue of the load during each successive demand period, and to provide a meas 
re of the greatest of these averages. The latter group comprises those instru 
nts in which a measuring unit strives to indicate or record the load, but is 
tarded in its movements by an element having predetermined and definit 
haracteristics. 


3. Integrated Watt Demand—Block-interval Meters 
(a) General Principles and Classification 
The majority of practical integrated-demand meters operate on the “block 
nterval” basis. A block-interval meter includes (a) an integrating element and 
(b) a timing element, the former providing a measure of the total energy 
passed through the circuits, and the latter dividing the lapse of time into 
lefinite intervals of predetermined duration. During the interval the integrat 
g mechanism tends to propel a pointer, index or pen across a scale; and at 
end of the interval, as determined by the timing element, the propelling 
iechanism is released and reset to its zero position, an indication or a graphic 
record being left of the maximum excursion of the index. Thus the position of 
the propelling device at the end of each interval represents the average energy 
onsumption during the interval, and the position of the maximum pointer 
represents the greatest of these averages, or the maximum demand on the 
system, 
[here have been developed a large number of different demand meters operating on 
lock-interval basis; and it will be possible here to describe only a few of the out 


forms in each class. In this connection it is to be understood that the relative 


minence given in the descriptions is not to be taken as having any bearing on rela 
erits, but is for the most part based on the ease of adapting the available informa 
to the purposes of this work. In comparing the mechanisms shown in the diagrams 
be observed that there exists a strong similarity among the essentials, and that 
ipal differences lie in details and in mechanical features 

Block-interval demand meters may be classified under the three heads of 
ting, indicating and recording, according to the manner in which the ulti 
measure is exhibited. They may also be classified according to the man 
vith which the registers are associated with the primary measuring ele 

under the two heads of direct-connected and electrically actuated 

(b) Printing Type. 

One of the earliest forms of block-interval demand meter was the “Printom 
ter,” placed on the market about 1910 by the Minerallac Electric Co. of 
. The operation of this device was based on the idea of providing a 
nent record of watthour meter readings taken at uniform time intervals 
eter was announced in two forms, one in which the readings advanced 
iously with the meter register and another in which the reading at the 


each interval represented the actual consumption during that interval 


New FRIEZ 
Small, Light 


low-cost, high accuracy 


PORTABLE 
“RECORDERS 














An ideal instrument for all concerned with alr-condl 
tioning, heating, ventilating, refrigeration, industrial 
processes and operations. Indispensable for field engl 
neers and service men. 











PRICES FROM $45 LIST 
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HYDRON 


For Use in Temperature and 
Pressure Control Devices 
and For Liquid or 
Gas Seals on 
Compressors and Pumps. 


The one-piece me 
tallic bellows made by the 
exclusive Clifford hydraulic 
process are of outstanding su 


‘Hydron- 


periority and economy by rea- 
son of the patented method of 
manufacture. They have ac 
cordingly been adopted by the 
argest industrial consumers. 


Hydron Bellows are free from the ordinary 
weaknesses resulting from surface injuries 
and other imperfections inherent in other 
methods. Furthermore, due to the high 
pressures employed in forming the bellows, 
any imperfections such as pin holes and 
local weaknesses are automatically detected 
in such a manner as to cause instant break- 
down of the tube prior to the complete 
formation of the bellows. 


End fittings or connections can be attached 
as a mechanical joint, or by solder, before 
the bellows is formed. They are thus pre- 
tested for leaks as an integral part of the 
bellows. 


Complete bellows assemblies for pressure 
controls, also filled and sealed units for 
thermostatic devices, made to any reason- 
able specifications, are a specialty. Com- 
plete engineering service on all problems 
involving adaptation of metallic bellows. 


Write for latest catalog 


CLIFFORD MFG. CO. 


566 East First Boston, Mass. 


Factory Representatives: 
Riley Engineering Corporation, 1481 14th Street, Detroit 
Franklin G. Slagel,923 East 3rd Street, Los Angeles 
J. J. Shriver, 221 North La Salle Street, Chicago 
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The “Printometer™ survives in the General Electric Co.’s “Type P 
PD,” corresponding to the two forms mentioned above. Fig. 43-2 s] 
gram of the mechanical and electrical essentials of the Type P instru 
the latest form of Type PD is shown in Fig. 43-3. The operation 

parent from a casual inspection of the diagram. A set of type-wh 


ing as a cyclometer dial are progressively advanced by an electro: this regist 
ceiving impulses from a contact in the watthour meter. A movab! Anothe 
periodically energized by another magnet, receiving impulses fr San 
bringing a paper strip into engagement with the type-wheels a: : 

thereon a number representing the position of the watthour met . ram < 
A portion of record tape from a 15-minute meter of this type ng de: 


] 
ior 


Fig. 43-4. These two meters find uses in the determination of 
the provision of other informative data in the operation of larg 
stations 
(c) Direct-connected Indicating Types. tthou 
As typical of the direct-connected indicating block-interval c& 
the Westinghouse “Type OB” will first be briefly described. This 1 
the form of a removable register, and may be fitted to any of the W: 
meters in the “OB” class. Fig. 43-5 is a schematic diagram of the | shee 
The gearing of the register consists essentially of three trains hey 
meter gearing, the demand pointer gearing and the motor gearin 
spindle of the watthour meter is shown as carrying two worms (a 
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ted on the second shaft of the register). The worm U drives the watt 
; ters through the worm wheel V in the ordinary manner. The lower 
drives a worm-wheel d, and, through gears e, Q and O, the main 
the demand pointer (or pusher) D. One bearing of the shaft which 
worm-wheel d rests in a lever g, which permits the worm gearing 


neshed, allowing pointer D to be returned to zero by action of weight 

4 gear train. The maximum pointer C is advanced by pointer D and 
y friction in the position of maximum deflection until manually reset 

I ength of the time interval is determined by the motor gearing. The 


synchronous motor T is reduced by suitable gearing to give one revo 
gear h in the time interval for which the register is set (say 15 min 
30 minutes). This gear is carried by sleeve 3 and runs free on the 
>; A worm-gear sector E and a cam member L are fixed to shaft S and 
a pin driven by gear h slowly rotates 


Re the gear sector until it engages worm F 
4E\ on the high-speed motor shaft. The gear 
"et sector passes rapidly through worm F, 


Yo’ the motion of the cam being transmitted 





iA ides le 





e to the lever g and demeshing the worm American Meter Company laboratory wet 
wheel d from the worm f, allowing am Seat ates ere helt: for extreme accuracy, 
alo > for pointer D eturn to zero 

i) a ee ple time for po nter l to return to zer aq strength, durabilify, non-corrosion of all 
ed The time of demeshing approximates 3 
Fi 3-6 F parts subject to the action of gas, and facil 
ig. 43- seconds, which is negligible as compared 
wth the time interval of the register. Fig. 43-6 shows the face and dials of ity of handling and adjustment. They are 
this register. furnished with or without the automatic shut 
Another interesting demand register of the direct connected indicating type off, as desired. Catalog AG-3 ... WET & DRY 
s the Sangamo “Type HB,” which is available as an attachment to the stand SST METERS .. . mailed on request 


ird lines of watthour meters manufactured by that company. Fig. 43-7 1s a 
liagram of this register, and its operation will be understood from the fol 
lowing description: 


AMERICAN METER COMPANY 











’ ' ’ . ‘ Measurement and control of Gas, Ou, Steam, Air and Liquids 
l ister 3 is driven through the usual train of gearing from the watthour meter mhnonen 4k 
aft 4, through gears, also drives shaft 28 which carries pusher arm 23. This peneral Offices: 60 E. 42nd Street, New York, N 
rm rotates at a speed proportional to the rate of energy consumption, and, a 
ivels across the scale, it pushes the indicating sweep hand 25. The power from th 
itthour meter is transmitted through a friction clutch that couples gear 6 to shaft 28 
The resetting mechanism, which converts this indicator into a maximum demand in - 


is operated by synchronous motor 18, which through worm reduction and gears 
ates two cams 16 and 17. Cam 16, through double reduction 30 and 2 32 ar 


er pas d 
= 
operates at one speed, while cam 17 operates sixteen times faster on intervals greater AND RISs 


five minutes, while ou five-minute intervals, 50 or 60 cycles and all 25 cycle fifteer . ‘ 
ite intervals or less. the ratio is 4 to 1. On the face of cam 16 rides a pin 11. whicl Recording Gas Gravitometer 
s carried on an arm 12 and held in positive contact by a cantilever spring 13. Wher 
16 is in such position that notch 34 is below the pin, then the pin 11 rides on cat 
and when the low side of cam 17 comes under the pin, it drops into the note] 
Then through pin 10, arm 9 which carries a toothed sector, is pushed down and 
ugh pinion 8, rotates pusher arm 23 back to zero. The power from cantilever sprit 
ushing through pin 10 or arm 9, is sufficient to overcome the friction clutch and 








A direct-weighing instrument of demon 
strated accuracy and reliability, producing 
a temperature-compensated record of sps 
ific gravity of gas from a continuously 
flowing sample. Indispensable in the a 

‘urate measurement of large volumes and 
as a record of heat values 













Produced in the Laboratory of 


‘ GEORGE SYDNEY BINCKLEY C. E. 


: 857 SOUTH SAN PEDRO ST., LOS ANGELES, CALIF 
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Edgewise Instruments 
... in Miniature Sizes 





Horizontal edgewise indicating elec- 
trical instruments are now available 
in small panel mounting sizes. Mod- 
ernistic appearance, eye appeal, 
higher sensitivities, ruggedness are 
features of this type of instrument 
speedily recognized by designers of 
electrical apparatus. 


Available in scale ranges and move- 
ment characteristics which will meet 
your requirements. Write us .. . send 
for Catalogue 50. 


[Zitrex@oxC] 


ELECTRICAL INSTRUMENT CO. 


10522 DUPONT AVE. CLEVELAND, OHIO 














S=THE SIMPLIFIED= 


DY RO opticai prometen 





SELF-CONTAINED, DIRECT READING 
RUGGED AND FOOL-PROOF 


Unique construction enables op- 
erator to rapidly 
determine tem- 
perature even 
on minute spots, 
fast moving ob- 
jects, or smallest 
streams; no cor- 
rection charts, 
no accessories. 


PYRO OPTICAL 
is NOW availa- 
ble In a NEW 
TYPE WITH 
THREE SEPA- 
RATE, DIRECT 
READING 
SCALES — the 
ideal instrument 
for universal 
ateel mill uses, 
open hearths, 
sonking pits, 
rolling mitts, 
Inboratories, ete. 


Stock Ranges 
1400° F. to 5500° F. 
+ 





Bulletins on Pyro Radiation, Immersion & Sur- 
face Pyrometers, Pyro Super-Sensitive Radia- 
tion Tubes and Rapid Recorders on Request. 


THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 
GRANT BLDG., PITTSBURGH, PA. 
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pusher arm to zero, the zero point being determined by adjust 

which acts as a stop. This operation is performed quickly and cam 17 the 
which, by that time, is picked up by cam 16 and carried until the next 
| The normal rotation of shaft 28. by the watthour meter disk, returns 
tion ready for the next resetting. The indicating hand 25, due to frictior 


irm leaves it 


pusher 
and indi 


in whatever position the 
Coordination between pusher arm 23 


screw 24. The ten 


ing 26, remains 





ot adjustme nt 
screw 14. 


Fig. 43-8 is a view of the face of the Sangamo “ 








“M-20" 


43-9. Its operation is substantially the 


demand register is diag 
as that 


The General Electric Company's 
shown in Fig. 
types described above. A view of the face of the register is shown in Fig. 4 
This device has been developed and is available in a cumulative fori 
as the ““M-21,” in which the demand is read on a set of dials rather t 
the indication of a single pointer on a scale. At the time of reading t 
the demand pointer is reset to zero, which causes the demand dials 
an amount corresponding to the value of the maximum demand. Thi 
between the readings thus appearing and the previous reading from | 
is the maximum demand. This form of register possesses the featur 
dial indication of maximum demand for each reading is automatica 
to the previous demands, so that a cumulative indication of these 
available. 


Same 
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CREEP TEST CONTROL EQUIPMENT AT BATTELLE MEMORIAL INSTITUTE 


(Courtesy The Foxboro | ) 








The Measurement of Creep of Metal}: 


By EVAN A. DAVIS ! el 





OR some time the properties of ma of the machine will be less than some give) o 

terials at high temperatures have been deformation. Quite often a much lower wor v 

a subject of interest to the engineer. is required to meet the second condition tha atthe? 

a The recent trends in industry, especialls This slow deformation, which takes plac wef | - 

BAR “| the trend toward higher pressures and vield point as determined by the ordinary 4 

temperatures in our steam power plants, is what is known as the “creep” of the met ai 

’ and the trend toward larger industrial The remainder of this paper will deal wi ae 
furnaces of the type used for heat treat eral tests used in the measurement of cree p. is” 
ment, have increased the necessity of for are the constant-load long-time creep test Pp : 

telling what will hap stant-velocity or strain-rate test. sth 

pento a material under Of these two tests the first has been used ré 

_ °° ° ®.©6€6S-«»En stress at these high vears for obtaining data for design purposes. ‘|| oe 

Sar’ temperatures over a for this long-time test, shown rather sche rie 

Fig. 1. Schematic diagram mae period of years corr Fig. 1, has been deseribed variously in deta | - bes 
of constant-load long-time creep sponding to the test, as can be seen from thi _— oa 

ae machine. service life of th test pit ce is suspended from a sie net 
apparatus in and loaded through a system of baal poset 


question, At various research laboratories, both in a constant id dae 
. ’ : gations 
this countrys and in Europe, a large number of extension of 





























tion | 

investigations have been made of the behavior of specimen. is ; ad 
metals at temperatures up to about 1000° F. Thess with a spec venation. | 
tests have shown that many of the ordinary ma meter whic y determi 
terials are not suitable for such applications, constructed curves 
and the results have led metallurgists to develop will operat some creep 
special alloys to be used for high-temperature ‘vy in the hig Lech ae 
work. It is not the object of this paper to re ature of th » the tent 
view these investigations in detail, but to de eves See! 
scribe the mechanical methods used in obtaining P >COMPARISON STRIPS mstant § 
the necessary data on strength. a | Fie, 2. Arranp eee ot Ui 
It is a well-known fact that the ductility ee ee Sas aee ~~ wh an i 
of a metal increases with increasing temper LL i SCALE AND TELESCOPE a I it A, Fig. 
atures. There are exceptions to this rule, but Vetty stops deere 
in most cases it is true for the range of cae c a to increas 
temperatures used in’ present-day machine * rr Me . ~< =—— will contin 
design, and it seems reasonable to expect | | finally rup 
that the ductility increases right up to the The val 


melting point. Under these conditions of elevated _ ele gee ea a pends upor 

he one shown in Fig. 2 is a modified fo : 
temperature it may be expected also that metals = the tests v 
, Martens extensometer with comparison s . 











subject to stress will change their dimensions f a temperature-resisting material.‘ ire run at 
wh: , : : ( i e ere ec ‘SIS g aterial. } u 
Chis change in dimensions takes place so slowly . ar 
' Se : cation of the extensometer is increased 
that it requires the use of a delicate extensometer : . . . Be 
, possible by increasing the distance fro 
for its observation. y 4 . , 
rors to the seale, thus increasing the leng 
It has been found that the rate of deformation of the light-beam lever. In this wavy 
material due to this flowing at a given temperature de it is possible to measure elon 
pends upon the stress and upon the material. For any gations of the order of mil aaa 
given material the rate of deformation will increas« lionths of an inch. NEA 
is the stress increases. The amount that the materia] It is of the utmost impor DEV 
deforms during its service life may or may not be a tance that the temperature be kept Z 
: a . ir ° , . ‘ O 
matter of importance. This refers, of course, to small constant since a small change in “ 
ae ; ; aeeiaal ee S q 
deformations and not to de formations which would lead temperature may greatly influence 5 
to rupture. For example, a boiler tube might increase the strength of the material. When Tt < 
in diameter by one or two percent while in service with ptattemn ate taken the tempera a 
; j gs a re 
out causing any trouble or damage : but a turbine blade ture must alwavs. be exactly at | \ 
which might be expected to last twice as long as the the predetermined alae aet. tor | W 
boiler tube has only a small clearance to begin with and the test in order to eliminate er 1 eral 
its maximum deformation must not exceed a small frac rors due to the different thermal a 
tion of one percent after vears of service. Che design expansions of the test piece and 4 Motor 
engineer, then, in choosing a working stress for a high the comparison strips. Various —t 
temperature application, must meet two cond:tions: first. methods are used for measuring ui = 
+ an as va » ‘ . ¢ pis 7 } ° a 
he must choose a stress such that the material will with and controlling the tempera 
stand the load and, second, he must choose a stress such ture. One method is to clamp 
that the total deformation at the end of the expected life , , : 7 ee 2. acoenak © Fig. 4. Typ 
| a the rmocoupl. to the bar and gram of cons‘ ant stra poitiatre 
Westinghouse Research Laboratories, East Pittsburgh, Pa use a potentiometer for record rate testing ne 
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yntrolling the temperature. Another method 
if placing a resistance (platinum wire in 
ee next to the test bar and using the chang 
nee as an indication of the temperature. Still 
vethod is to place a metal rod in the furnac 

the thermal expansion of this bar to measur 
rature. These de 
generally used to 
| t r out a resistor in 

-with the furnace wind 
« This resistor has a 

hout one-tenth that of 
( stance of the furnace 
winding so that the current 
hrough the furnace is ¢ ither 
= ¢ ligher or 5% lower 
in the average current re 

“ed to keep the tempera 
re constant. 

In this type ot test. which 
isually lasts about three to 
four months, the elongations 
ire measured at intervals of 
hout a week. The unit elon 
gations are then plotted as 

function of time as shown 

n lig. hk. The speed ot de 
formation is then measured 
by determining the slope of 
the curves. The slope of 
some creep curves seems to 
decrease continually as long 
is the test lasts while other 

irves seem to approach a 
onstant slope. Still other 
curves at the higher stresses 
reach an inflection point as 
it A, Fig. 4, where the slope 
stops decreasing and starts 
to increase. Such a_ piece 
will continue to deform at an increasing rate until it 
finally ruptures. 

The value of these curves to the design engineer di 
pends upon his ability to interpret them. In order that 
the tests will not last for an extremely long time thes 
ire run at stresses higher than the expected working 


Og = CONSTANT LOAD (eo 
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TIME — 


ee er : 
ig. 4. Typical long-time constant-temperature creep test curves 
(according to McVetty). 





Creep test and control equipment at Westinghouse Electric 
& Mfg. Co., East Pittsburgh Research Laboratories. 


stresses. ‘To arrive at the tinal working stress, then, th 
engineer must. be ible to extrapolate these curves. to 
} 

lower stresses and to much longer time va 


ues 


In the constant load test deseribed above it) can 


seen that the velocity of deformation is dependen pon 

thr SUTTESS it which thre est iS om ide. This re | ition hheas 
d » tine d I KIT 
it ts h tha he velocity 


the stress allowed to adj 
ccording ly I" 
the constant strain-rate 


ind « itl ly aa ice lyy ke epiny 


one of the heads of a testin 
ichime noa fixed posit 
Le} | } } 
White moving the other head 
wit t constant rate Ih 


" 
in be don on oan ordinary 


esting mA hine of th sCrOW 


beam in the balanced po 


tion at all times. The writ 


has run. some ests of thi 


ivVpe onoa modified Amsl 


hvdr iulie 


testing machine 
similar to that shown in t 
sketch. I 1g. +3. his machine 
las bee MH le signed hy \ 
Nadai and W. O. Richmond 


so that the hwdraulie head 


can be used to measure thr 
load while the test bar is be 
Ing stretched yy i sCTEM 


drive ittached to the lowe) 
head. ‘This screw) drive 

connected) through variou 
spec d reducers to a constant 
speed motor, By inserting 
ditferent speed reducers it 

possible to vary the velocity over a range of 1000 to 1 
In these tests the deformations were large and could not 
be measured by an extensometer of the Martens or Hug 
genberger [vpe. Instead two tel scopes containing micro 
meters were focused (through small windows in the 


furnace on seratches marking thie ige length of the 


uw 


Continued on page 132 


dé 


| V =CONSTANT VELOCITY 
at 


~ \V= Va 





O- STRESS 





© - ELONGATION 


Fig. 5. Typical stress-strain curves obtained from constant strain- 
rate tests. 
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Fig. 36. The Large Testing Machine at Grosse Lichterfelde, Berlin, Germany, Built About 1910 


Materials Testing Machines 


An Account of Their Development, with Special Reference to the Tension-Compression-Transverse Group 


By C. H. GIBBONS* 


The failure of the Quebec Bridge, August 29, 1907, 
due to the failure of a detail in a large 
member, spurred the construction in the United States, 
and probably to some extent in Europe, of large-capacity 


compression 


testing machines in which full-size structural members 
might be tested to destruction. 

About 1910, there were constructed three large testing 
machines, namely, the 6,600,000-lb. compression, 3,300, 
000-lb. tension machine at Grosse Lichterfelde;‘'” the 
10,000,000-Ib. compression Olsen,° and the 2,300,000-Ib. 
compression 1,150,000-lb. tension Emery,’ both of the 
latter at the National Bureau of Standards, Washington, 
D. C. Each of these machines deserve a place as items 
in the historical development of testing machines. 

The great testing machine at Grosse Lichterfelde, Ber- 
lin, Germany (Fig. 36), is a horizontal one, having a 
capacity in compression of 3,000 metric tons (6,600,000 
length, 
and having a maximum transverse* dimension of 98”. 


lbs.) and accepting specimens up to 49 feet in 


The compression heads are about 79 
its capacity is 1,500 metric tons and it accepts specimens 
26 to 421, feet in length. It was designed by Dr. Seifert, 
President of the German association of bridge builders, 
and built by Haniel and Lueg, Diisseldorf. It is about 
95 feet, overall, in length and 1414 feet wide. Its longi- 
tudinal axis is 50” above the floor level and the hydraulic 
load cylinder is 46” in diameter, weighing 88,000 Ibs. 
The ram is cup-leather packed. The screws are 19” in 


, . 
square. In tension, 


diameter and 82 feet long, and are in two sections each. 
Clear space between the screws is 98”. Load on the 
specimen is evaluated from precision manometer read 
ings’ of pressure in the main load cylinder, pressures 
being respectively for tension and compression about 
3,000 and 6,000 Ibs. /in.? 

The 10,000,000 lb. (compression only) Olsen,“° now 
at the National Bureau of Standards at Washington, 
I. C., was originally (1910) installed in Pittsburgh, Pa., 


*Baldwin Southwark Corp., Phil adelphia, Pa. 

74 rip News ol. 62 09, svrad 377, 38 

7 rift des rew feutscher Tn yenicure, 1912, page 479; Engi 
’ . May 2, 1 . ah und Eisen, March 7, 1912: American 
Machinist, Vol. 39, No. 16, page 

7T6Enginecring Record, Vol. 59, N ». 6, February 6, 1909, page 164 

77American Machinist, January 2nd and 9th, 1913 
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at the Arsenal Grounds. (Fig. 37) It was 
Washington about 1921 and is installed near 
Emery Universal in the basement of the B 
Standards Building. It was designed and buil| 
feet high above the floor level and was abou 


below. When installed in Washington, however. 


the lack of head room, the upper portion of ea 


et 
Fig. 37. The 10,000,000 Ib. Olsen Machine Originally 
Pittsburgh, But Now at the Bureau of Standards, \ 
D. C. (Courtesy National Bureau of Standar: 
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13! liameter screws (each 72’ 2” long and in two 
ancti was removed. The machine today, therefore, 
accommodates specimens up to 72” square and about 
30 fect in height maximum. The top head, which weighs 

50,000 lbs., is movable by means of a motor 


near 

mounted on the head, gearing and large nuts on the 
four screws, and has a maximum speed of about 10” min. 
fhe main ram is 50” in diameter with 24” stroke and is 


supplied with fluid under pressure from a motor-driven 
triplex pump. Testing speeds vary from 14’’/min. to 
1/60” min. by variation in pump speed. Communicating 
with the main cylinder is a cylinder with a ram (5 9/16” 
diam.) having about 1/80 the area of the main ram. 

This cylinder has its diaphragm between the fluid 
under pressure and the ram and the necessary resistance 
to the load is supplied by a lever and poise system which 
measures the pressure in the main cylinder. Recently 
this weighing system has been supplemented by a Bour 
don tube gage assembly having several gages and meas 
uring pressure with equal accuracy and with much 
greater convenience in manipulation. 

In 1909, while the 10,000,000-lb. Olsen was being 
built, a bill was introduced into Congress appropriating 
nearly $2,000,000 for a horizontal Emery ‘Testing Ma 
chine of 22,000,000 Ibs. capacity in compression and 
11,000,000 Ibs. in tension to accept specimens up to 100 
feet in length. This machine, by many times the largest 
ever seriously considered, had been designed by Emery 
and the drawings are available still. While the bill never 
received Congressional approval, Congress did approve 
the construction of a horizontal Emery universal machine 
of 2,300,000 lbs. capacity in compression and half that 
value in tension to accept compression specimens up to 
33’ 134” in length and 54” diameter, and tension speci 
mens to 34 4” after straining. (Fig. 38) At the same 
time to provide a machine of greater convenience and 
ease of handling for much of the routine testing neces- 
sary in the work of the National Bureau of Standards, 
Congress approved, also, the construction of a horizontal 
Emery universal of 230,000 lbs. capacity, both in tension 
and in compression. The construction is essentially the 
same as that of the larger machine and its pressure fluid 
supply comes from the same system as that supplying the 
larger machine."? 

In essential, these machines are the same as the Water 
town machine previously described. In details there are 
many improvements. Whereas the Watertown machine 
has four hydraulic supports which are used both for 
tension and compression weighing, the 2,300,000-lb. 
Emery has three supports, two of which are in parallel 
for compression weighing and one of which is for tension 


ry 


CCC 





Fig *8. Horizontal Emery Universal Testing Machine at the 
ureau of Standards, Washington, D. C. (Courtesy National 
Bureau of Standards) 





loading. Correspondingly, there are three supports or 
“chambers” in the weighing scale, two for compression 
and one for tension weighing. 

The construction of the hydraulic support for the 
Watertown machine had been such that the diaphragm 
itself had bridged the gap between ring and column with 
out auxiliary support. Maintenance of this narrow annu 
lar ring had always been a problem at Watertown with 
periodic replacement of the diaphragm a necessity 
Therefore, in the construction of the National Bureau of 
Standards’ machines, a bridge ring across this gap was 


introduced. This ring serves to center and = maintain 
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Fig. 39. Sectional View of the Emery Hydraulic 
Weighing Capsule. 


central the column or “piston.” In service this ring 
changes from a plane surface to one slightly saucer 
shaped. Of course, calibration effectually eliminates any 
inaccuracy in weighing which might be introduced. This 
ring also effectually eliminates the periodic failure of the 
diaphragm. (Fig. 39) 

The screws of the machine are 12” in diameter and 
are threaded for 30 feet of their 50-foot length. The 
compression heads are 36” in diameter, but there is a 
clear space between the two screws of approximately 
51”. The piston is 321” in diameter and the piston rod 
is 22” in diameter. The hydraulic power supply consists 


aa 


of a motor driven 1144” 8” triplex pump with three 
special accumulators for the two testing machines. Pres 
sures available for the large machine are 3.170, 2.160, 
1,280 and 280 lbs./in.°, while for the small machin 
2,500 and 280 Ibs./in.” are supplied. 

It is of interest to note that the total ratio of the 
large machine is 2,000,000 to 1. That is, a 1’ 


at the end of the fourth indicating lever means ‘a move 


movement 


ment of one-half of one-millionth of an inch in the speci 
men. It does not follow, of course, that 1 Ib. in the seal 
balances 2,000,000 Ibs. on the specimen, as the balancing 
weights are introduced at points where the ratio is much 
less. 

Calibration was a long and tedious process, but in its 
essentials was the same as that described in connection 
with the Watertown machine. 

In the last decade there have been built three large 
testing machines; two of which are worthy of note be 
cause of size, and the third because of its incorporation 
of principles of testing machine designs which were used 
early in testing machine development, but which had 
been practically discarded for nearly 40 years. 

The first of these is the 2,500,000-Ib. Riehle built for 
John Roebling’s Sons, Trenton, N. J. This is a vertical, 
universal of the three rotating, reversed screw lever-and 
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polse type ind will accept specimens in compre ssion up Vit Id stresses are decreased. It require S. howe 
- . » . My 
to about 25 feet long and tension specimens up to about paratively large change in the strain-rate p J 


23 feet long. (Fig. 40) The straining system is mechan noticeable change in the strength of the ha 
cal and the weighing svstem is that which was then ample, in the tests of the writer mentioned de 
: * . s de 
ultimate strength was decreased only 1206 : 
; : for measure! 
velocity was reduced to 1°25 of its form: 
form of COF 
study of these curves seems to indicate that When \ 
stress and ultimate strength can be made ext a 
ou 
by simply reducing the speed of deformation : as y ; 
° . 5 Or write ° 
ciently low value. However, in order to brin 
° ‘ 7 ; - ——— 
stress down into the range of working stress: 
be necessary to reduce the rate of strain to Low-f 
value that several years might be required to I fi 
A aice 
percent deformation. e 
1 e¢ 
For several years reste arch ¢ ngineers have al trol 
ing the relation between stress and the rat: at 
and have been trying to express this relation m ress 
ally. At ordinary room te mperatures, tests b 


have shown that for a given strain and for 


locities the vit Id stress o is given by 


in which o vield stress 
ds 
i rate of strain 
dt 
and o,. 0, and v,, are constants 
A similar expression was, developed by Pra: 
i theoretical standpoint and has been checked 1) 


ler* who has found that the law agrees with 





on iron and copper atl normal te mperatures, w B 
man” has checked it by making impact tests 
also at room temperatures. 
For elevated temperatures the law connect 
and the rate of strain has not vet been accurat 
lished, aithough a large amount of very valua 
mental observations have become available d v 
past years. In order to use this experimental d ine he 


\ \ 


method of extrapolation has been developed by Mc\ 410-1"), Cont: 


in which the asvmptotes of the cree p curves ith a windo 
ie which S' 





predicting the deformation at some future : 
licating seal 





worthy of mention that the relation of stress t tedlaeaiel 
strain at high temperatures is one of the pro e value of t 


fronting the engineers in this field at the pr ovided in b 

lL: : ‘ , dulating t 

and that progress along this line will surely 1 ° tht 

» ” : . . : ring 0 iis 

Fig. 40. The Riehle Machine of 2,500,000 Ibs. Capacity Built for a deeper study and a better understanding of | at iba 

John Roebling’s Sons. (Courtesy Riehle ‘Testing Machine Divi- 
sion, American Machine and Metals, Inc.) 





phe nomena of creep. ‘ 
The writer wishes to acknowledge his indebtedness { Super 
Dr. A. Nadai and to Mr. P. G. MeVe tty for t Operating 


able instruction and information concerning t evices used in 
q new -point 
i\ tilable 


; 


customary, namely, lever-and-poise. At the time it wa 
built it was the world’s largest. emploving mechanical : ; : 
' es ude ties of metals at high te mperatures and to t Vesting 


load producing and load weighing devices. This machine 
id produc a 1086 house Research Laboratories for permission 





has a clear distance of 6’ 3” between the screws and thi ; { provides 
stands 33’ 3” above the floor level. It is approximately ae i acl = of 5 = 
21 feet right to left and 13 feet front to back. BIBLIOGRAPHY ith indicatio 
To be Continued .  W t Piscussio1 y and stopp 

r. D. Lynch, N. L. Mochel & P. G. McVetty. 1 tion of thei 

Met High Ter rature ’ 1a werlng of sp 


uning of 


CREEP OF METALS _H. J. Tapsell & L. E, Prosser. High Sensitivity C it allows tel 


N Physical 1 ' ; 
% ges 2 Ing Disp: 
, P. H. Clark & E. L. R nsor An Automat Cr j sists of a 
test bar. and the movements of these scratches wer: tad - { Vol. 6, Fet 5, pages : 
rrr a ) 7 + T } < \1 
recorded as a measure of the elongation. The tempera oF. Ladwik. | é 
ture was measured by thermocouples pressed against the L. Prandtl. Zeitschrif 
‘ \ Rg Apr 8 nages & 
test piece by springs as described above. 48 D . . 
Che type of stress-strain curves obtained in a set of wes 
, ae H Ferreissy G 
constant strain-rate tests is shown in Fig. 5. It can be hoa Sie r, ith 1 
seen that for a given velocity or strain-rate the curves 6P. G. MecVetty. Factors Affecting C1 f 
} High Temperature Service, Tras - ¢ 
bend gradually into more or less horizontal curves after Ge” Sie Waihi Biceeeen foe Bich 4 i 
the vield stress has been reached. If the velocity is de f ’ ce erty \ M : 34, pages ; 
. - , P £& MeVetty Interpreting Cree Tests for Use 
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In this department we strive to report each month ALL the new devices 


for m 
form 


surement, inspection, testing, metering and automatic control—in the 
concise technical descriptions. 


When writing to manufacturers directly, please mention this department 


as your source of information. 


Or write to Information Section, Instruments Publishing Company. 











Low-pressure or Draft 
Indicating Controllers 


1 ed for applications requiring 


trol of non-pulsating 


pressures 


water (above or beloy itmos 


eric pressure) “Types 210-1 and 
L.910-1 Static Pres- 
sure Regulators 
have been brought 
out by the Minne 


ipolis-Honey well 
Regulator Co. for 
controlling (1) 
static head as) in 
ir distribution 
systems, (2) draft 
or (3) differential 
pressure. Primary 
element is an. oil 
invert 
from 


sealed 
ed bell, 
which 
ro al 
into 
head 


t push 
extends 
control 
(shown 
here with CON 
er removed) 
where the 
push-rod = mo 
tion either ae 
tuates electric 
contacts (in 


“LL, 340-1"). or 


nves the setting of a resistor (in “I. 
910-1"). Control head cover is provided 


viewing the setting 
calibrated 
addition to the 
setting, an adjustment for 

value of the operating differential is 
“ovided in both the contacting and the 
dulating types. By removing the 
ring of this differential-setting 
ism, extreme 


ith a window for 
ie which serves also as a 
usual 


introl point 


mech 
sensitiveness is obtained 





Supervisory System 


Gperating over 2 wires and including 


levices used in larger supervisory systems, 








automatic 
from the 
provides for the 
of 5-substation units. It 
pening and closing of circuit breakers 
ith indication of their position; start 
g and stopping of machines with indi 
hon of their conditions; raising and 
Wering of speed, voltage, or wv ites, and 
taining of instrument 

illows telephone 


new 5 point 
hh ay tilable 


supervisory sys 
Electric 
supervi 
permits 


General 
complete 


readings; and 
conversations and 
oflice 
control key, 


Ing. Dispatcher’s 


equipment 
nsists of a 


indicating 


lamps, ind Supervisory devices for send 
ing selection and control lmpulses, and 
for indicating the positions oft the vari 


rvised units 


OUS Stipe completely isscin 
bled in desk cabinet and requiring 
connection of only 2 line wires and 2 
battery wires for complete installation 


Substation equipment visory. ce 


vices Which transmit control impulses to 


super 


tuxiliary control relavs and send back 
checking and indicating impulses to dis 
patche r’s office) is assembled in ao case 
designed) for panel mounting and_ i 


with 


» 


numbered 


equippe d 


connecting 


terminals for 
wire 
indication. cir 


battery wires 
mtrol and 


» 2 line 
ind breaker ce 
cuits 





Boiler Water Level 
Control and Cut-off 
MeDonnell 
plete line of 


offs, automatic 
bination 


& Miller 
improved 


MnNOUNeE i Con 
feed-water cut 


level regulators and com 


controls, embodving 
to be 


summarized as 


numerous 
exclusive 
follows: 
he it ot 
surrounding 
which 
LOS4, 


new features some said 

which 
(1) Feed valve 
float 
it cannot 


lime and 


may be 
isolated) from 


chamber so that water 


reach temperature at 
form (patent No 
186), preventing sticking of feed valve 
(2) Water fed independently of float 
Into it (3) Valve toggle 


from float 


scale 


chamber— not 
compartment sealed away 
chamber and feed two Sviphon 
bellows, doing away with stufting boxes 
ind packing. (4) Toggle and linkage to 
force (5) Nl wn 


valve by 


multiply valve-closing 


lever pivoted in center of bellows to pre 
vent undue distortion of bellows (6) 
Cam-and-roller “straight-thrust” valve 


instead of conventional off-center 
thrust (7) Large strainer 
thead of valve 


ietion 
factory 
mounted 


keeps out pipe 


dope, cuttings, ete. Tustration shows 

“No. 51-2" combined safety feeder ind 
low-water cut-off suitable for »automa 
tically-fired) boilers SOOO) Ft ind pres 
sure !5 Ibs in 
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Ch ulitimetenrs 


D ¢ 
13 RANGES 
From 1 
Microamp 
to 1 Amy 
and 
20 Microvolts 
to 1000 Volts 


AC or D ( 
THERMAL 
13 RANGES 


From 
2 Milliamy 
to 1 Amy 
ind 


60 Millivolts 
to 1000 Volts 


Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CO 
Cambridge, Mass. 

91 Seventh Ave., New York City 


Webber, 
Chicago, Ill 


Bran h 


Representative: E. N 
Daily News Bldg., 











SHALLCROSS 
Wheatstone Bridge 


SMEATSTORE SRINGE TYPE 890 





> built 


This Wheatstone Bridg« 
around a highly sensitive gal 
and Shallcross r 


sistors, provides a simple and 


] 


vanometer 


rugged yet accurate instru 


ment a of resistance 
measurements from 0.0] 
ohms to | 7 1 megohms 











Julletin No. 630-H 


describing this 


Send for 


instrument 


| G]HALLCROss MFG. COMPANY 


Eleckucal Measuring Instruments 
and Accurate Resistors 


COLLINGDALE, PA 
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STOP CLOCK 


The STANDARD Electric Stop 


( ck iccurately measures elapsed 
time down to 1/200th of a second 
f desire | ged ynstruction 
res ¢ Its readable dial 
equiré eyeglass. Popular i 
shop, laboratory ind classroom 
White for ymplete information 


Remote Control 
Switch 


nate cal 
lock in 
reduces 

p hility 

of den 








The “STANDARD” 


ELECTRIC STOP CLOCK 
THE STANDARD ELECTRIC TIME CO. 


SPRINGFIELD . . MASS. 


l Principal Cities 





Offices in 














THWING 


Treasure Chest 





AN EXCLUSIVE FEATURE 
The Treasure Chest contains the 
Electrocrit the special testing 
circuit for impressing an e.m.f. of 
known value into instruments be- 
tested 
All makes and all types of py- 
rometers are tested accurately over 
their entire scale with this exclu- 
feature contained only in the 
Treasure Chest 
This and other valuable features 
the Treasure Chest indispen- 
sable to every user of pyrometers. 


Write for Bulletin 16-2 401 


Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A. 
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230-Volt “Variacs” 


In many applications of the General 
Radio Co.’s “Variac” adjustable trans- 
formers, models for use either on 230 
volt circuits or on 115-volt lines for out 
put voltages above 135 
volts are required. 
To meet requests 
for units smaller 
than the 2-kva 
Type LOO, 
there have 







been devel 
oped two mod 
els, mechanically 
identical and in 
terchangeable with 
Types 200-CU or 
200-CM, and intended 

for the following uses: on 230-volt in 
puts to deliver output voltages continu 
ously adjustable from 0 to 270 volts; on 
230-volt input circuits to furnish output 
voltages from 0 to 230 volts with slightly 
higher wattage ratings; on 115-volt cir 
cuits to deliver output voltages from 0 
to 270 volts. Dials read directly in out 
put voltage with an accuracy of +2% 
for the 270-volt output. 





Re-designed Flowmeters 


Several new models of the Isometer 

i gate type area meter—are announced 
by the Elgin Softener Corp., the expand 
ed line of meters now including three 
forms of primary elements or “actua 
tors” and a complete choice of remote 
indicating, recording, integrating and 
combination instruments. In common 
with all other flowmeters which use a 
straight-line flow through a varying ori 
fice with a fixed differential, the Isometer 
is characterized by a wide measuring 
range, extending down to flow rates as 
low as 21% of rated capacity. A new 
form of primary element, employing the 
pilot-valve principle for positioning the 
gate, has been added to the lever form 
(see Instruments, Oct. 19382, page 246) 
and to the dead-weight form (see /nstru 
ments, Dec. 1933, pages 226-227). As 
shown in the _ illustration, the weight 
which determines the fixed differential of 
5 Ibs./in.? is direct-connected to the pilot 
slide. Employment of this relay princi- 
ple stabilizes operation so that certain 
fluctuating flows can be metered. Avail- 
able sizes range from 1” to 12”; maxi 
mum steam pressure which can be han- 
dled in 250 Ibs./in.2; maximum steam 
capacity with 5 lb. pressure drop is 126,- 
000 Ibs./hr.; with 10-lb. pressure loss 
126,000 Ibs./hr. 








Vapor-pressure Reco: Je; 


Although gasolines are y 
vapor-pressure basis, the u 
izer unit lacks an indicator of 
pressure of the product being 
the recording of 
column pressures 
and temperatures, 
the metering of 
quantity of stock, 
and the correlating 
of laboratory tests 
(which may be 
hours or wee k S 
old) do not suffice 
to enable even the 
best operator to 
produce at all 
times a product 
that will meet rigid 
specifications. <A 
solution of this 
problem by F. L. 
Kallam, of Indus 
trial EKngineers, 
Inc.. takes the 
form of an appa 
ratus through 
which a continuous 
sample passes from the 


(negligible time lag), throu 
bath maintained at LOO0.07°] 
a pressure-measuring chamber 
munication with an absolute-p: 
corder. ‘The standard refinery 
veloped by Industrial Engine 
(illustrated) is suitable for 
vapor pressures up to 20 Ibs 
100°F. Exelusive manufactur 
sales rights have been assigne 
C. J. Tagliabue Mfg. Co. A de 
program is under way whereby 
paratus will be adapted for 
control of refinery processes or 
of true vapor-pressure. 





Mica Condensers for 
the Laboratory 


For use as secondary standart 
laboratory, the General Radio | 
nounces ‘Type 509 Mica Conder 


signed specifically for this purpose. |! 
large size permits high 
values, extending up to 1.0 uf. | 


condensers are put through 
aging process whereby the « 
change which remains is negli 
long periods of time. The \ 
pacitance is measured to 0.1‘ 
corded on the calibration certi 
10 available sizes run from 
nf. and are so chosen that a1 
duplication is required to obt 
ues in any one decade. Po 
<0.05% for all sizes. Temps 
efficient of capacitance 
Mounted in two sizes of cast 
cases: 6”x334”x23,” and 47 
over-all. Net weights 3! un 
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Fuel-and-air Flowmeter 
for Furnaces and Kilns 


4 fuel flow-air flow meter has 
eloped by Bailey Meter Co. to 


een | 
pee. yperators of furnaces and kilns 
with easily understandable guide 
which enables 
them main- 
tain a definite 
relation be- 
tween the 


ymounts of air 
ind fuel sup- 
lied to the fur- 
nace, thereby 
securing the 
highest possible 
combustion 
economy. One of 
the two pens records 
the rate of oil flow or 7 
ras flow and is actuated from the dif 
ferential pressure produced by an ori- 
fice in the fuel line; similarly the second 
pen records the flow of air supplied for 
combustion. At the time the meter is 
installed, a complete combustion test is 
made to determine the optimum fuel-air 
ratio, and the air flow mechanism is ad- 
justed so that coincidence of the two 
records represents the optimum ratio. 
The furnace operator then strives to keep 


I 





the two pens together. 

In addition to serving as a combustion 
guide, the new meter indicates and _ re- 
cords the rate of fuel flow in any con 
venient terms, and registers the total 
flow on a six-digit cyclometer. The inte- 
grating mechanism requires a regulated- 
frequency a-c. supply, although the 
meter may be furnished with a spring 
driven clock for the recording mechan- 
ism if an integrator is not desired in 
cases where frequency is not regulated. 
\uxiliary recorders of temperature or 
pressure may be included to record on 
the same chart with the flow records, for 
ease of comparison of related factors. 
The 12” diameter charts are uniformly 
graduated and are marked with direct 
reading scales. Each factor is recorded 
in an individual color. 





Portable Cathode-ray 
Oscillograph 


In the new “ready-to-use” a.-c.-oper 
ited cathode-ray oscillograph (Type 
TMV-122-B), announced by the RCA 
Mfg. Co., the sensitivity is guaranteed 
at 2 volts d.c. per inch for both vertical 
and horizontal deflection. Our annotated 
photograph is a view looking down on 
this instrument minus its handled hous- 
ing. Principal parts: 1—power trans- 
former supplying all tubes and rectifier 
circuits; 2—low voltage full-wave recti- 
lier supplying amplifier tubes; 3—verti- 
cal amplifier; 4 Type 906 cathode ray 
tube with 3” screen; 5 input binding 
posts; 6—binding posts for external syn 
chronizing voltage; 7—binding posts for 
external horizontal deflecting voltage; 
S—gas triode “sawtooth” timing oscilla- 
or; 9—horizontal amplifier; 10—high 
voltage half-wave rectifier supplying 1200 
volts to cathode-ray tube; 11—vertical 
ind horizontal beam centering adjust 
ments; 12—safety switch turning off 
power when housing is removed. Con- 
trols: (a) intensity, also “power off” 
at extreme counter-clockwise end; (b) 
amplifier “A” switch for connecting in- 
put to vertical amplifier or directly to 
vertical deflecting plates; (c) regulates 


+ 


-\2 
-}) 
= 1 
3 Q 
4— 43 


(a}- 

(b 
£ 

(c)— 





height of image; (d) adjusts synehron 
izing of timing oscillator; (e) timing 
oscillator range selector, 8 ranges: (f) 


selector for synchronizing timing oscilla 
tor with voltage on vertical plates, with 
60-cycle ace external signal; 
(7) fine adjustment for timing oscillator, 
with e; (h) adjusts 


or with iny 
used in connection 
horizontal deflecting voltage: (i) selector 
switch for connecting amplifier to tim 
ing oscillator, binding posts to amplifier 
or binding posts to horizontal 


plates; 
(A) focusing control. 





Auxiliary Relays 

\ small, sturdy, low priced auxiliary 
relay, “Type SG,” for use on a.c. or d.c., 
is announced by Westinghouse Electric 
& Mfg. Co. The switchboard mounting 
model 
molded 
or molded cover 
with glass front; 
the front 
nected panel 
mounted model 


has al 


cover 


con 


uses no cover 
Both 
have 
pendent contact 
circuits adjust 
able for circuit 
closing or cir 
cuit-opening 
service. For two 
independent 
opening circuits, 
additional ma 
terial added to the 
relay. Designed for continuous duty at 
rated voltage, up to 550 volts a.e. or 440 
d.c. (ranges up to 250 volts can be used 
for intermittent duty up to 
mately three times their continuous 
value). The relay can be supplied with 
a coil for any current value up to 5 
amps. Each contact will carry 12 amps. 
continuous and 20 amps. for one minute. 
Non-inductive rating: 


models 


two inde 





standard 


must he 


approxi 


Volts Interrupting rating Interrupting rating 
du mperes, d imperes, a.c 
24 12 20 

48 6 20 

115 3 20 
230 1.25 10 
550 0.25 3 











Surface Temperatures 









Flat . 
Stationary Y aad The “Alnor” 

or 

—— Combination Pyrocon 
Surfaces ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


1 lillinois Testing Laboratories, Inc 
142 W. Austin Ave. Chicago, Ililinols 








pecialists in neon tube light 
ing; fluorescing white light 
tubes; ultra-violet radiation 
tubes; high voltage neon indi 
cators. Stroboscope lamps 
Spectral tubes of rare or active 
gases. 
GENERAL PHYSICAL LABORATORY 

509 5th Avenue, New York, N. Y 








Electrical Testing 


30 vears’ experience 


H. F. BYRAM 


28 Bathgate Place 
NEWARK, NEW JERSE) 
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The Flow of Water in VDipes, Sewers 
and Channels; over Weirs, and off 
Catehments, iy G Ibi \\ 
Chapman & Hall Ltd Londo | 
Cloth, 9%, x 7% ineche 76 p 
10 6d 
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I"} treatmer | | 
16 diagra i i pre 
lata in ger i rd 
tted i t ! 
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ran 7 ised are not wid 
! intr though tl ' 
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on the flow of water n conduit 
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Co., Frankfurt ! 1934. Pay 
inche y page Price 1 RM 
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prehistoric nst r nt nd ¢ 
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MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upen application to the issuing firm. Manufacturers who 
have not yet sent in their printed matter are invited 
te do so. 





6 Industrial Condenser Data. (ict 


‘ el ne data on electrolytic and 
j nadust? nade? rs vell 
+} D , ! tor tartineg 
f ‘ ection nd ther n 
t ise pt nted n U&-page 
ial and t } ssued by the 
Ler ‘ tior ' Washington 
| } ! \ \ r} it re. st 
tl i ‘ ! f indust l inits r 
hich th tion |} pior d 
roman ! nd fa itat the 
n . 4 ! i ent 
nm app I 
(lly Speetroscopic and Other Acces- 
sories. ( talo ‘ p t pages t 
ndensit ! ind 1 int n ! 
i rpt ! if nd cell \ ! is types 
pect! l ts nd eve] or 
vellin table iu pumy d 
i ‘ tule liur nd cad 1 
I ' nd spark stand ACD 
tifler pu nd rare meta Judd 
Lew comparator! t rmoptles, phot 


electric cells, photographic materials 
ind publications 


Ix r's Road, London, NW1, England 


CLIS General Radio Experimenter. 
The March 1935 issue contains the fol 
wing irticles Waveforn errors n 
the measurement of filter characteris 
t 3; The Stroboscope Stops the Rolla- 
tor, ete. Genet Radio Co \) State 
Street Cambridwe \ Mass 

(119 Transformers. Bulletin 1002, 32 
pagkes Lives engineering data on trans 
formers for rudio implification ind 


transmissior American Transfo 
o 178 Emmet St Newark, N. J 

(120 Miecroprojector for Microscope. 
leaflet describes this instrument 
Bausch & Lomb Optical Co., Rocheste1 
Ny 

(l21 Polarizing Plates. Leaflet le 

ribes the Mark's polarizing pl 
which produce almost completely polar 
zed light. Physical data is also inelud 


rmer 


i-page 


ed, These plates should find many ap- 
plications n scientific instruments 
Polarized Products Co Pr. OO. Box 7 
W hite Stone lL, I New York 


C122 Light Beam Galvanometer. Very 
ittractive broadside describes the Tag 


ndicating and recording potentiomete 
ontroliers, The features are listed and 
illustrated be J Tagliabue Mfz Co 
Park and Nostrand Aves Brooklyn 
N. ¥ 


Cl23 Guild Flicker Photome 
Publication No, 220 is deve 
nstrument 





Aquastat. Leaflet lists the su 
eatures f the Type 

rlace i tat for efficient 
control of 
systems. Struthers 


Juniper St Phila 


hot water he ting 
Dunn, In 139 N 
lelphia, Pa 
(125 Flowmeters. Bulletin 426 is de 
voted to flow eters for indicatir 
ording, integrating and « 
flow of steam, ind liquids 
Co Waterbury, Conn 
Gas Regulators. 
Type H” Regulators, 
Liquid Petroleum Regula- 
tors ind fulletin 34—Reliance 
Regulators for Perfect Control. Ameri- 
can Meter Co., 60 E. 42nd St., New York 
N. ¥ 





if 
ontrolling the 
Bristol 


rases 


Bulletin 27 
Bulle 


C126 
Reliance 
in 30 Gas 


Cl27 Textile Instruments. Folder [D- 
191 entitled “The Shadow on Your Profit 
Sheet” illustrates a number of optical 


textile plants 
Rochester 


instruments for use in 
Bausch & Lomb Optical Co., 
oe 

CL28 Cathede Ray Oscillograph. Form 
9511 illustrates the construction of the 
RCA portable oscillograph and de- 
scribes how it works. RCA Manufactur- 
ing Co., Inec., Camden, N. . 

C129 Tlumination Control. 
B-1005-A outlines the need for 


Circular 
illumi- 


nation control. The Model 709 illumi- 
nation control relay is described. Wes- 
ton Electrical Instrument Corp., New- 


ark, N 
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Test Car Column for Gas 


and Gasoline Analysis 
Test Car 
the Refinery 


inalyti 


Column has 
Sup 


The Gregory 
been brought out by 
ply Co. to meet the need for an 


cal method combining the mobility and 





the test car and charcoal 


simplicity ot 
method with the precision and complete 


f the 
now used in 
tions are (1) eas and 
in the field and (2) 

1) gasoline content of 
(b) operating efficiencies of plants. Suc 
cessful solution of the problem 
found in using (1) the car’s battery for 
heating the base of the column and (2) 
dry ice for cooling the top of the col 


low-temperature methods 
Its applica 
inalyses 


ness ‘ 


laboratories 
gasoline 
determinations of 
natural gas and 


was 


umn. A special eyele has been developed 
whereby the dry ice is used only when 
needed, and an insulated chamber takes 
the standard 50-lb. cake of dry ice now 
obtainable in many towns. Among the 
“laboratory” tests now made feasible in 
the field are Engler distillations and va 
por-pressure determinations. It is possi 
ble to stop the fractionation at a proper 
point, withdraw, measure and check a 
gasoline of any desired grade, so that the 
interested operator obtains timely and 
the amount and grade 
of gasoline to be extracted from the gas 
without resource to uncertain conversion 
factors 


valid evidence of 





Two New Rotameters 
For marine service and also for gas 
liquid mixtures, a model “Rota 
meter” is announced by Schutte & Koert 


Its feature (see Fig. 1) is a cen 


new 


ing Co 

















5 co - 
—— eee ue 
oa 
iam Seana 
£1 
a 
Fig. 1 Fig. 2 
tral guide rod to prevent lateral dis- 
placement of the rotary float, which 
therefore cannot strike and break the 


glass tube. For metering pulsating flows 
any model of the “Rotameter” may be 
equipped with a dash-pot as shown in 
Fig. 2. 








Pressure, Draft a: 
Differential Recor 


Employing the same slac¢ 
phragm elements which hav 
been embodied in Hays sensi 
for draft, ete., 


ing gages 


Fig. 1 
10” chart recorders is announ 
Hays Corp. for 
sure-and-draft, and differenti 
in a total of 29 ranges. The 
comprises two distinct 
ments: “Series OT” recorders 
in square measuring 13 
They are available in 14 dr 
sure from 0-0.5 to 0-1] 
and in 8 pressure-and-draft 1 
L()1/0 0.4 to +5/0 5 


» 


be obtained in 2-pen_ st 


pressure ad 


styles 
Cases 


ranges 


may 


conta 


“super 


I 


Fig. 2 


must be for a range of at | 


water. 





‘leme} 





A.S.T.M. Daylight Lamp 


In accordance with new sper 
adopted in June, 1934, by th 
the C. J. Tagliabue Mfg. ¢ 
new Daylight Lamp for color d 
tions which is said to give a 
tion more closely approxin 
daylight conditions for color 
any lamp designed up to this 
new adjustable type, TAG-M 
light Lamp is suitable for uss 
TAG Saybolt Chromometer, 
Serial D156-34T; the TAG U1 


meter, A.S.T.M. Serial D15 
D218-34T: also the TAG Rol 
orimeter. The company stat: 


Colorimeters are no’ 
with this new Daylight Lam, 
by means of an adjustabl 
Where Union Colorimeters 

use, the old lamp should be re 
the new lamp procured in or 
standard specifications. In ad 
specifications require the insert 
Union Colorimeter, of a pi 
flashed opal diffusion glass 

can now supply to bring th 


Union 


up-to-date. 


Lars 


S _yc 





iy or gas 18 





separate Con 
e-operatin 
Ni htained thro 


igh pressure 
ur clocks ay 
, 6- or 24-1 
Cam blanks a 
ess metal, on 
ut and filed 
t this date 1 
rger sizes a 

| ’ ications ren 
fields (for 
especially dey 





Dual 

\ “Reset” « 

it by Taylor 
meet applicati 
to maintain a 
ential betwee 
hich is unde 
the control pe 
in accordance 
ndary syste 
brought abou 
' tionship. It « 
temperature, 
both, or eithe 
flow or liquid 
prises LWo Se 
s own funcet 
is to produce 

results. Conty 

trolling syster 

ird “Fulseope 

2 \ ersal sensiti 
ments, April 

vhich the inst 
exact operatii 
ratus. The re 
to change the 
trolling syster 
Crit F I'he 


++ 


reset cor 
itically, the 
Key adjustme’ 

resetting link 

1 wide range 

changes to be 

ratios betwee 

BS systems. Adj 

PAC that the reset 
with rect o- 

Strument is ¢ 











A 










omatic Pressure-time 
Cycle Controller 


tness is chief design character 
new evcle controller brought 
Fisher Governor Co., one as 
diaphragm-motor 
valve with a 
complete air 
operated, 
clock - driven 


n 


ynbining a 


cam-and-rid 

er type of au 
tomatic sequencing 
instrument 
usually installed on a 
panel Com 
pressed air at 20 lbs. 
in.2 is employed to 
operate the diaphragm 


such as is 


board. 


otor valve, so that when high-pressure 
ir or gas is the controlled medium, no 


sep) irate 


compressor is required, the 


ilve-operating medium at 20 Ibs. being 


ibtained through a 
igh-pressure 


our cle 
l-, 6- ¢ 
Cam bl 


reducer from the 
line itself. Standard 24 
wks available at this date provide 
wr 24-hour cam rotation periods. 


anks are circular plates of rust 


ess metal, on which notches are readily 
ut and filed in the field. Standard sizes 


t this 


date run up to 2” pipe size but 


rger sizes are available. Principal ap 
ications reported are on gas-lift in the 
il fields (for which this controller was 


especial 


ly developed). 





Dual Control System 


A “ 
mt by 
meet al 
to mar 
ential 


eset” controller has been brought 
Taylor Instrument Companies to 
plications where it is desired (1) 
itain a fixed or widening differ 
two one of 


hetween variables, 


hich is under control; or (2) to change 


the con 


in accordance with 


ndary 


trol point of a particular process 
variations in a sec 


system, such changes being 


brought about in a predetermined rela 


tionshiy 
temper 
both, o 
flow or 


. It can be applied to control 
iture, pressure or combination of 
r either of these combined with 
liquid level. The instrument com 


prises two separate systems, each with 


its own 


functions and yet interlocked so 


is to produce the desired predetermined 


results. 
trolling 


Control is effected by the con 
system alone through the stand 


ird “Fulscope” mechanism and the uni 
versal sensitivity adjuster (see Instru 


ments, 
vhich t 
exact o 


ratus, ° 


\pril 1934, page 81) by means of 
he instrument can be fitted to the 
perating conditions of the appa- 
rhe resetting system serves only 


'o change the setting point of the con- 


trol 


I'he 


matica 


ling 


system, through a simple linkage. 


reset controller accomplishes, auto 
] 
ly, the same results as a manual 


key adjustment of the control point. The 


resettin 
1 wide 


g linkage is adjustable through 
range, permitting control point 


“hanges to be made in a great variety of 


ratios | 
Svstems 
that 
with di 


strument 


etween controlling and resetting 
Adjustments can be made so 


the resetting is accomplished either 


rect or inverse ratio, and the in- 
is easily changed in the field 














using ad 


from one to the other without 

ditional parts. Likewise, the controlling 
system can be changed from direct to 
reverse-acting. (Inverse ratio adjust 


ments provide for a decrease in the con 
trolled condition with an the 
adjusting condition, and vice versa; di 
rect ratio adjustments cause an increase 
in the controlled condition with an in 
the adjusting condition, 
vice The instrument furnishes a 
record of both the controlled and leading 
values. The chart is rotated by an 


increase in 


crease in and 


versa. ) 


elec 


tric clock. 





Photocell Colorimeter 


Color matching on a quantitative basis 


is the new photoelectric 
instrument brought out in two models by 


the M-R-I1 Laboratories. It 


purpose of a 


contains a 





“daylight” com 


lamp and operates by 
parison of reflections, so that it may he 
used under any illumination. Area need 


»” circle. Procedure 


instrument on 


ed for matching is a 
(1) placing 
standard sample, (2) adjusting sensitiv 
ity until a reading of, say, “600” is ob 
tained on scale, (3) placing instrument 
on test sample and taking the reading. 
The sensitivity adjustment is such that 
full-scale deflection may be obtained for 
dark shades as well as for highly reflec 
tive surfaces. Case is Bakelite. Available 
in flush-indiecator model 8”’x6”x5” (illus 
trated) or in a model consisting of an 
8”x4’x3” case with an inclined miniature 
indicator resting on its top. 


consists” of 





selective Helay. 


' { } 
(iunmewe ( N Vtor M 
C1L3L Microphotometer. Leathet NON 
4 le eri i not re rait 
to? te } { 
‘ nae t rced 
intert nd tl Ml 
herr pile | 1. Kipp & ! | 
Holland 
CL82) Potentiometers. ‘Th: 
potent mete! i lt 1 
t tu f the l \ I 
( Nua tuck ( ! rina | ¢ 
\ ! dent ) \ 
Portable ser el er ! 
nd A Iyrometer Potent rete 
Cl Beat Frequency Oscillator, | 
latin Ne R ves el ey : tai 
the Ty] rM\ I 
cillator, range te 7,000 ‘ I 
Victor lt Camdet N. J 
C134 Rotary Selector Switch. | 
illustrate in LS point \ h fort 
mocouple pyrometet! r 
voltmeter multiple int rmimiete 
et La lengines » Na i 
Conn 
Ci3h Universal Phote-optical Bench 
Deseribed in a tour-page bulletit | 
\ lesigned t icilit ee tain pl ‘ 
of pl to-m pl vi } } 
presented reat diff iltic ‘ { 
I I ue In | \ 
York, N. ¥ 
Cisé Carben Monoxide, the Willer. 
The immediate need fo ipid nad 
vVidespread di emination { ! 
nformation of thie habit ind t 
effect of carbon mononiade nad 
equipment le loped 
Lect it pore ene protect thre na i 
bail ind re 1 tate the tir V1) 
that information ible ’ 
on cover in thi pul ition prey ed 
by Min Safet \pplianes ( riper 


Pittsburgh, VP 


i 
CST Humidity Indicators. bullet 


No. H-301 deseribe relative humid 
it ind temperature Indicator ij 
chrometet Vitl miotar { ! far ! 
i ni iD hromete J ! " 
( Milwaukee, \ 
C138 Relays, ¢ t tion | 
i d-page bull ! ve ! hi Dy 
tion, distineti feature t pr. 
nd dit nsio of the Type G I 
uw relay vitcehboard nad I 
" intin type for t r d-« 


Westinghouse Electric & Mfs (*o I 
Pittsburgh, Pa 

Cilo DifYerential Thermostat. | 
contains e1 Ineerin data on tt 
Type 691 thermostat for coolin 





il eonditioni Lub 
( Trumbull Mict 

C110 Solving Crimes, Case 
No. 6 Short tru tol howl i 
i! {f $5240.00 b mis ! 
motor load in a flour mil Ieste re 
\Vneu (‘Oo Indinnaype Ind 

Clil Biddle’s Business. [iulletis 

t general bulletin | efi It 
ind illustrating t} nstrument , 
ported b Jarne (; Biddle ¢ 
\rch St Vhiladelphia, Pa 

C14 Refrigeration, Catalo iT) 
prague deseribe ind ¢ ‘ data ! t 
dicator recorde. ind controller f 
refrigeration and cold torapre I 
Instrument Companic hioct te N. ¥ 
CllS Trip-Free Air Cireuit: Breakers, 
GFE A-1662A ive feature ind dir 
ion i vell a othe data or } 
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Sequence-repeat Controller 

Instead of employing the conventional 
fixed cam to time the intermittent op 
eration of a diaphragm valve or other 
diaphragm operated devices, the “Tay 
lor Intermitter” just brought out by 
Taylor Instrument Companies has a cir- 
cular cam on which the proper number 
of actuating lugs may be placed; the 
number (up to 20) corresponding with 
the number of operations to be per 
formed during the rotation of the cam. 
The duration of each operation is ad- 
justable by moving the bracket carrying 
the nozzle (upper left corner of case) so 
that its scribe mark is opposite the de 
sired time interval on the seale; the 
higher the position of the nozzle, the 
shorter the period of nozzle closure and 
the duration of operation. Any change in 
either the number of durations of the 
operations, or the interval between oper 
itions, is thus made possible without re 
placing or cutting the actuating cam. 





The cam is driven by a spring clock, 
iailable in l-hour, 6-hour, 12-hour or 
24-hour periods of rotation. Electrically 
driven clocks with identical periods can 
be supplied. The instrument is available 
in two types—-Reverse-acting: lugs to 
close nozzle, applying pressure to dia 
phragm motor. Direct-acting: lugs to 
open nozzle, relieving pressure from dia 
phragm motor. It may be mounted on 
inv diaphragm motor or in any con- 
venient adjacent location. Also, it is pos- 
sible to operate more than one dia 
phragm valve or similar device from the 
same instrument, the number depending 
upon the operating conditions and the 
nature of the control required. 

An overpressure release protects the 
diaphragm motor from excessive pres- 
sures in the event of reducing-valve fail 
ure. Compressed air or gas at 25 |b./in.? 


is specified 





Electrometer-tube Type 
pH Meter, Electrodes 


Until recently, the use of the glass 
electrode is said to have been limited to 
special work because of practical diffi 
culties of measurement: sensitive elec 
trometers requiring skill, and high resis 
tance of glass membrane employed re 
quiring extreme care in shielding the ap 
paratus from electrostatic and leakage 
effects. An “Electrometer Valve pH 
Meter” as suggested by C. Morton has 
been brought out by the Cambridge In 
strument Co. The direct-reading instru 
ment, calibrated in pH units, requires 
neither technical knowledge nor refer 
ence to tables. The new circuit employs 
the electrometer tube as a null-point de 
tector, thus eliminating—it is said—the 
troubles given by most thermionic-tube 
instruments. The new instrument is auto- 
matically compensated for changes in 
grid bias and anode voltage. Although 
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designed for use with the new Morton 
Glass Electrode it may be used with any 
electrode system over a wide tempera- 
ture range. It is calibrated for a range 
of 14 pH units, each dial division corre- 
sponding to 0.02 pH. The new Morton 
Glass Electrode System is said to have 
the advantage that the electrode cannot 
be “poisoned,” is unaffected by powerful 
oxidizing and reducing agents and in 
contact with complex biological fluids, 
which may be viscous, colored or tur 
bid, the glass surface instantly exhibits 
a steady potential determined by the pH 
concentration. High-conductivity glass is 
used in the construction of the elec- 
trodes. Electrostatic shielding and excep- 
tional care in insulation are said to be 
unnecessary, and determinations can be 
made in 30-60 seconds with an accuracy 


of +0.01 pH. 





New Method, Equipment 


for Dynamic Balancing 

\ new method for the dynamic bal 
ancing of heavy rotating machinery in 
the field under normal operating condi 
tions, and new portable equipment for 
obtaining a direct and exact solution of 
this problem are announced by the Gen 
eral Electric Co. With the new method 
ind equipment (both of which were de 
veloped by Ernest L. Thearle of the 
G-E Research Laboratory), the balancer 
is taken to the machine instead of the 
machine to the balancer. The method 
deals directly with that component of 
vibration which occurs at running speed 
frequency, caused by mass unbalance in 
the rotating member—the only com- 
ponent which may be eliminated by the 
iddition of balance weights. The new 
equipment consists of two special gen 
erators, a contactor (Fig. 1), and an 
instrument-and-control box (Fig. 2). The 
generators are similar to the G-E “vi 
bration-velocity unit” (see Jnstruments, 
Oct. 1934, page 217). One of them is at- 
tached to each bearing pedestal of the 
unbalanced machine, the contactor is 
coupled to the machine’s shaft so as to 
rotate with it, and both generators and 
contactor plugged into the control box. 
The generators produce an alternating 
emf. proportional to the vibration veloci 
ty of the pedestals. In the contactor the 
contact assembly with attached pointer 
can be rotated through a complete circle 
ind the phase read on the full-circle 
scale. The indicator is a highly damped 
d.-c. micro-ammeter, arranged with a 
tumbler switch for connecting it to either 
generator and a ratio switch to control 
its sensitivity. 

Displacement of the pedestal in vibra 
tion is sinusoidal and its first derivative, 
vibration velocity, is also sinusoidal, 
being zero when displacement is at its 


maximum and greatest whe 
ment is zero. Since the gene 
duce an emf. proportional 

velocity, the current throug 
ecator is sinusoidal and proy 
vibration velocity. The ci 

closed by the contactor duri 

a revolution, the indicator 

half a complete cycle of cur 
plete positive half-wave or 

negative half-wave or = cor 

fractions of each half-wave 
ceives equal fractions of the 1) 
negative half-waves, it read 
then the point on the cont 
halfway between the point 
contact is made and broken i: 
angular position of maximun 
displacement: the phase of th 
The contact assembly is_ th 
90°, at which point the in 
ceives a full positive or ne 

wave: its reading at this point 
magnitude of unbalance. Wit 
generators, readings of phas« 


nitude of unbalance are readi| 


both ends of the unbalanced | 


is these data which are essé 
solution of the balancing 
which the new portable dyr 
makes simply and quickly « 
placing a machine in balance 
method, only three balancii 
necessary. The first is ma 
machine in its normal unl 
tion; readings of phase and 
taken at the near and far « 
tered on a standard calcu 
The second run is made 
known weight of any reasor 
placed in any position on 
of the machine rotor. Readi 
taken for the near and f 
entered on the calculation 
third run is made in the 
is the second but with 
far end. A series of simple 
are then made on the st 
giving a_ solution which 
values and positions of 
rective weights which wi 
rotor. 
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lf you are unable to find what you require in this section of 
INSTRUMENTS, write Information Section, Instruments Publ shing 
Company. Give complete information of requirements. 
AIR METERS coILs Pyrometer 
American Meter Co Resistance, Inductance, Bailey Meter Co 
Bailey Meter Co Special Bristol Company 


George Sidney Binckley 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
ALTIMETERS 
J. P. Friez & Sons, Inc. 
General Electric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
AMMETERS—Indicating 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
Brown Instrument Co. 
General Electric Co 
Pioneer Instrument Co 
Roller-Smith Co 
Westinghouse E.& M.Co 
ANEMOMETERS 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp. 
ATTENUATION NET- 
WORKS 
General Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 
OSCILLATORS 
General Radio Company 
BALANCES 
Roller-Smith Co 
BALANCING MACHINES 
General Electric Co. 
BAROMETERS 
Bristol Company 
J. P. Friez & Sons, Inc. 
Gaertner Scientific Corp. 
Taylor Instrument Cos 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines, Inc. 
BIMETAL ELEMENTS 
W. M. Chace Valve Co 
BOARDS: INSTRUMENT 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
BOILER METERS 
American Meter Co. 
Bailey Meter Co 
George Sydney Binckley 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES. ELECTRICAL 
Capacity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
General Electric Co. 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CALORIMETERS 
American Meter Co 
Gaertner Scientific Corp. 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp 
CARBON DIOXIDE 
METERS 
Brown Instrument Co. 
Foxboro Co. 
CATHETOMETERS 
Gaertner Scientific Corp. 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp. 
Genera! Electric Co 
General Radio Co. 
CLINOMETERS 
CLOCKS—Gage Board 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 


Genera! Electric Co 
Genera! Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co. 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co 


COIL TESTING EQUIP- 
MENTS 


General Electric Co. 
Kurman Electric Co 
Roller-Smith Co. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Shallcross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co. 
General Radio Co 
Westinghouse E.& M.Co 
CONDUCTIVITY METERS 
indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Opt. Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Condensation 
Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Feed Water 
American Meter Co. 
Bailey Meter Co 
Bristol Co. 
Brown Instrument Cp 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Flow 
American Meter Co. 
Bailey Meter Co 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Lighting 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co 
Rate- Volume 

American Meter Co. 

Foxboro Co. 
Refrigeration 

Bristol Company 

Brown Instrument Co. 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Specific Gravity 

Bailey Meter Co 
Tachometer 

Bailey Meter Co 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
Temperature-Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

|. P. Friez & Sons, Inc. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Thermometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Thermostat 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Pioneer Instrument Co. 

Taylor Instrument Cos 

Thwing Instrument Co. 

Wilbin Instrument Co. 
Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Vacuum 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Valve— Motor - Operated 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 
Voltage A. C. 

Ward Leonard Elec. Co. 
Water Level 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

J. P. Friez & Sons, Inc. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
COUNTERS—Magnetic 

Thwing Instrument Co. 
Revolution 

Bristol Company 

Brown Instrument Co. 

Pioneer Instrument Co. 
Stroke 

Bristol Company 
CUBIC FOOT BOTTLES 

American Meter Co. 
CURRENT RECORDERS 

Bristol Company 

General Electric Co. 

Roller-Smith Co. 
CYCLE CONTROLLERS 

Bristol Company 
CYCLE COUNTERS 

General Radio Co. 

Westinghouse E.& M.Co. 
DEMAND METERS 
Gas 

Foxboro Co. 
Electric: Indicating, Re- 
cording, Printing 

General Electric Co. 

Westinghouse E.& M.Co 
DIMME 

Ward Leonard Elec. Co. 
DIVIDING MACHINES 

Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 

Genera! Electric Co. 

Rawsn Elec. Inst. Co. 

Weston Elec. Tnst. Corp. 


EARTH CURRENT 
METERS 
Rawson Elec. Inst. Co 
Roller-Smith Co 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE 
FILTER SECTIONS 
General Radio Company 
ELECTRONIC METERS 
Genera! Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co 
Westinghouse E.& M.Co 
FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp 
FIELD RHEOSTATS 
Ward Leonard Elec. Co. 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos. 
FLOW METERS 
Indicating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pioneer Instrument Co. 
Indicating & Recording 
American Meter Co 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Integrating & Recording 
American Meter Co. 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FOLDING. ENDURANCE 
TESTERS 
Testing Machines, Inc. 
FOOT-CANDLE METERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
FREENESS TESTERS 
Testing Machines, Inc. 


Pressure & Vacuum 
Bailey Meter Co. 
sristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 

Rain 

J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 

Recording—Distance 
Bailey Meter Co 
Bristol] Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos 

Strain 
General Electric Co 

Vacuum 
General Electric Co 
Taylor Instrument Cos. 

Volume 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co 

Wind 
Bristol Company 
Brown Instrument Co. 
J. P. Friez & Sons, Inc 

GALVANOMETERS 
American Meter Co. 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

Mirrors 
Fish-Schurman Corp. 

GAS ANALYTICAL 

METERS 

Electrical 
Brown Instrument Co. 

GAS FLOW INDICATORS 
American Meter Co. 
George Sidney Binckley 


GAS LEAK INDICATORS 
Taylor Instrument Cos. 





HYGROMET 
Brown Ir 
i. ee we 
Taylor In 
ILLUMINON RS 
Westing 
Weston } 
INDICATOF 
INDUCTAN 
General R 
INSTRUME) 
TION A 
J. P. Frie 
Rawson | 
Roller-S 
Weston } 
INSTRUMEN 
FORME?! 
Genera) } 
Roiler-S: 
Westing! 
Weston E 
Split Core 
Roller-Sn 
Westing \ 
INSULATION TEsTin 
EQUIPMENT . 
General Ek ( 
Roller-Sn 
Westing! & \ 
INTERFEROMETERS 
Gaertner $ Cor 
KEYS AND SWITCHES 
General R 
LABORATORY APPARAT| 
Fish-Schurman Corp 
LABORATORY RHE. 
STATS 


66 Gages 


AL BRA 
REPAIRS 


TRANS. 


General Radio Company 

Ward Leonard Flee Co. 
LACTOMETERS 

Taylor Instrument Cos 
LENSES 

Bausch & Lomb Opt. ¢ 
LEVELS 
Engineer's, Wye, Precision 
Prism 

Taylor Instrument Cos 





FUS 





Instrument Fuses, also Auto, Radio, High Voltage 


Aircraft, Neon Potential 


Fuses and Indicaton 


Send for catalog 
LITTELFUSE LABORATORIES 


4513 Ravenswood Ave. 


Chicago, tii 





FREQUENCY METERS 
Indicating 

Genera! Electric Co. 

Roller-Smith Co. 

Westinghouse E.& M.Co 

Weston Elec. Inst. Corp. 
Recording 

Bristol Company 

General Electric Co. 

Westinghouse E.& M.Co 
Standards 

General Radio Co. 
FRITTED GLASS 

Fish-Schurman Corp. 
FURNACE CONTROLS 

Bailey Meter Co. 

Bristol Company 

J. P. Friez & Sons, Inc. 

Taylor Instrument Cos. 

Wilbin Instrument Co. 


GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Ce. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Drill 
Bausch & Lomb Opt. Co. 
Flow 
American Meter Co. 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Liquid Level 
American Meter Co. 
Bailey Meter Co. 
Bristo] Company 
Brown Instrument Co. 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 


GAS-METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co. 
Dry Test 
American Meter Co. 
West Test 
American Meter Co. 


GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos, 
Pump 
Bailey Meter Co. 
Taylor Instrument Cos. 
GRAVITOMETERS 
American Meter Co. 
George Sidney Binckley 
Thwing Instrument Co. 


GROUND DETECTORS 
Roller-Smith Co 
Weston Elee Inst. Corp. 
HARDNESS TESTERS 
Testing Machines, Inc. 
HIGH FREQUENCY 
APPARATUS 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indicators 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
Testing Devices 
General Electric Co. 
Westinghouse E.& M.Co 
HOUR COUNTERS 
Westinghouse E.& M.Co. 
Weston Elec. Inst. Corp. 
HUMIDITY CON- 
TROLLERS 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
1. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
J.P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
HYDROMETERS 
Taylor Instrument Cos. 


LIGHT SOURCES 
Fish-Schurman Corp 


Westing 
LIQUID LEVEL 
RECORDERS 
American Meter ( 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument ( 
Foxboro Ce 
J. P. Friez & Sons, Ine 
Pioneer Instrument Co 
Taylor Instrument Cos 
MAGNETIC INSPECTORS 
Kurman Electric Co 
MAGNETIC RELAYS 
J. P. Friez & Sons, Inc 
Kurman Electric Co 
Roller-Smith Co 
Ward Leonard Elec. (¢ 
MAGNETOMETERS 
Roller-Smith Co 
MANOMETERS 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co 
Foxboro ( 
MASTER CLOCKS 
Gaertner Scientific Cory 
General Eleotric Co 
MEGOHMMETERS 
General Radio Co 
Roller-Smith Co 
MEGOHM VOLTMETERS 


Roller-sr ( 
Weston Elec. Inst. Corp 
MICROAMMETERS 
General Electric Co. 
Rawson Elec. Inst. ‘ 
Roller-Smith 
Westinghouse E.& M.( 
Weston Elec. Inst. orp 
MICROFARADMETERS 


General Radio Co 
Roller-Smith Co 


Weston Elec. Inst. Corp 
MICROMETERS : 
Gaertner Scientific Corp 
Testing Machines Inc 
MIGROSCOPES 
Biological 
Bausch & Lomb Opt Co 
Brinell me 
Gaertner entific Corp 
Testing Machines, Inc 
Measuring eA 
Bausch & mb Op : 
Gaertner Scientific Corp 
Metallograp ah 
Bausch & mb Opt. ¢ 
Petrograph! 


Bausch & (amb Opt. | 
MICROTONES 
Bausch & n 
MILLIAM¥ 
Bristol ‘ any 
General Flectric Co 


b Opt Co 


General ! Co 
Rawson ! Inst. Co 
Roller-S “0 “ 
Westing F&M 
Wesion ! Inst. Com 


miLLivol 

at nt | 

Ce 

nst 

nt | 

vent 

« 

veston I Inst 
|RRORS 

M h & Lomb Op 


Bausch ¢ 
MODULATION MET 
General Rad Co. 
hh. & 
Weston El Inst 
OISTURE METER 
MOTION RECORDE 
Mechanical 
Bristol Company 
Foxboro 
mMOTOR-GENERATC 
Holtzer-Cabot Elec 
stir he & 
MOTORS 
Special Fractional HI 
Holtzer-Cabot Elec 
\ I K.& | 
Synchronous 
i )Itzer-Cabot Elec. 
, Ee | 


MOTOR STARTERS 
|. P. Fries & Sons, 
Roller-Smith Co. 
Ward Leonard Elec 
Vestit eB. &! 

MULTIMETERS 
Rawson Elec. Inst. 
Shallcross Mfg. Co. 

MULTIPLE PEN 

RECORDERS 
Bristol Company 
Foxboro Co 

MULTIPLIERS 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. | 

NOISE MEASURIN( 

Ts 


8 
General Radio Co. 
Westinghouse E. & | 
OHMMETERS 
General Electric Co 
Rawson Elec. Inst. | 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E. & | 
Weston Elec. Inst. ( 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, 
General Electric Co. 
Taylor Instrument C 
Westinghouse E. & ! 
OPERATION RECOR 
J. P. Friez & Sons, 
Roller Smith Co. 
Electrical 
Bristol Company 
Brown Instrumen; (¢ 
Foxboro Co. 
Roller-Smith Co. 
Taylor Instrument ( 
Thwing Instrument 
OPTICAL FILTERS 
Fish-Schurman Cor, 
OPTICAL GLASS 
Fish-Schurman Cor 
OPTICAL PARTS 
Bausch & Lomb Opt 
Gaertner Scientific ¢ 
ORIFICE METERS 
Indicating & Recordir 
American Meter Co. 
Bailey Meter Co. 
George Sidney Bine 
Brown Instrument 
Foxboro Co 
Integrating 
American Meter Co. 
ORIFICES, ADJUSTA 
American Meter Co 
Bailey Meter Co, 
OSCILLATORS 
General Radio Co, 
Westinghouse E. & ] 
Weston Elec. Inst, ( 
OSCILLOGRAPHS 
General Electric Co. 
General Radio Co. 
Westinghouse E ] 
Automatic seem 
General Electric Co. 
Westinghouse E.& } 
Cathode Ray 
General Electric Co. 
General Radio Co. 
Westinghouse KE &) 
PANTOGRAPHS 
Gaertner Scientific 
PERISCOPES 
Gaertner Scientific | 
PERMEAMETERS 
General Electric Co. 
PHOTO-ELECTRIC ( 
General Electric Co. 
Kurman Electric Co 
Westinghouse E.& } 
Weston Elec. Inst. 
PHOTO-ELECTRIC 
Pte ANALYZE 
lectric Co. 
Towing Instrument 
Westinghouse E. & 1 
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SuouLp BE USED... § 


wherever definite atmosphere 


conditions are being maintained 















Y PROVIDING a continuous Volume 8 
B record both of temperature * 
and relative humidity, Bristol’s 
Thermo-Humidigraph makes it pos- 
sible to check continually the at- 
mospheric conditions under which 


a product is being made. 





As one manufacturer puts it, 


“Bristol's Thermo-Humidigraph 





should be used as a check in all 
localities where a definite atmos- 
pheric condition is being main- 
tained...We find this instrument 


very rugged and reliable, and use 


it to record conditions in various te 
departments.” B e | 
Illustrated at right is Bristol's Port- : f | 
able Thermo-Humidigraph, Model : it ; 
4069. Eight inch chart. Specify g Le | 
Model 4068 for surface mounting : 
in permanent location. Charts for ‘Sh wa 5 3 * : /j 
24 hour or 7 day records. Model > a 
4044 four inch Humidigraph, with- / aay cre "NN i 
out pen arm for recording tem- , ro ATS ai ia 
perature, also available. For detailed | 
information write for Bulletin 4132. "| 
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